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ABSTRACT
The o b je c t iv e  o f  t h i s  s tu d y  was to  ta k e  an e x i s t in g  model t h a t  was 
c a p a b le  o f  p r o je c t in g  b o th  p o p u la tio n  and demand and e v a lu a t in g  a s e le c t io n  
o f  netw ork  m odels i n  o rd e r  to  d e r iv e  a p r a c t i c a l  p la n n in g  te c h n iq u e  fo r  
re g io n a l  w a te r  and sew er sy stem s. T h is re s e a rc h  had a s  i t s  goal th e  
developm ent o f  a u s a b le  to o l  t h a t  would g ive  th e  av e rag e  p la n n in g  group a 
sy s te m a tic  approach  f o r  a n a ly z in g  w a te r  and sew er netw orks - -  a te c h n iq u e , 
w hich upon co m p le tio n , w ould be  fu n c tio n a l  w ith o u t m o d if ic a t io n ,  f o r  any 
ty p e  o r  s iz e  o f  re g io n .
T h is  was accom plished  by th e  c o n s tru c t io n  o f  s ix  p ro ced u res  w hich u sed  
th re e  com puter m odels: th e  in v e n to ry  and d a ta  p r o je c t io n  p ro ced u re  which
p ro v id es  th e  in p u t ;  th e  p o p u la tio n  model and p ro ced u re  w hich g e n e ra te s  th e  
d e s i r a b le  a l t e r n a t iv e s  in  term s o f  p eo p le  and t h e i r  socio -econom ic c h a r a c t e r i s ­
t i c s ;  th e  lan d  use p ro ced u re  w hich a l lo c a t e s  th e  o u tp u t o f  th e  p o p u la tio n  
model to  an a r e a l  scheme; th e  demand model and p ro ced u re  w hich p ro d u ces  th e  
w a te r  demand and sewage o u tp u t f o r  th e  g iven  a r e a l  scheme; th e  netw ork  model 
and p ro ced u re  w hich o p tim iz e s  on a l e a s t  c o s t  b a s i s ,  w h ile  m axim izing u t i l i ­
z a t io n  o f  r e s o u rc e s ,  th e  netw orks o f  w a te r  and sew erage th a t  f u l f i l l  th e  
a l t e r n a t iv e s  a v a i la b le ;  and f i n a l l y  th e  p la n  p ro c e d u re s  f o r  th e  developm ent 
o f  a c o n tin u in g  and com prehensive p la n .
The s te p s  betw een each  p ro ced u re  have b u i l t - i n  p la n n e r  in te r v e n t io n  
p o in ts  where th e  u s in g  group may "game" new a l t e r n a t i v e s  based  on th e  r e s u l t s  
and d a ta  a c q u ire d  from th e  p re v io u s  p ro ced u re . The p ro ced u re s  and m odels have 
re la x e d  th e  te d io u s  p ro c e s s  n e c e ss a ry  to  fo rm u la te  a re g io n a l  p la n .  The
viii
te c h n iq u e s  a re  s p e l le d  ou t on a s te p -b y - s te p  b a s i s  and a l l  p ro ced u res  and 
m odels a re  f u l l y  o p e r a t io n a l .  The f l e x i b i l i t y  o f  th e  approach can  o n ly  be 
r e a l iz e d  when one a p p l ie s  i t  to  an a r e a  and p ro céd és  to  th e  gaming o f each  
a l t e r n a t i v e  a g a in s t  th e  d e s ir e d  f u tu r e  w o rld s .
T his r e p o r t  i s  a p o r t io n  o f  a m a jo r re s e a rc h  g ra n t  from th e  o f f i c e  o f  
W ater R esources R esearch  o f  th e  D epartm ent o f  I n t e r i o r  w hich i s  u n iq u e ly  
th e  a u t h o r 's .  The t o t a l  co n ce p t can  be review ed by re a d in g  th e  f i n a l  r e p o r t  
on "System s Approach to  M e tro p o lita n  and R eg ional Area W ater and Sewer P la n ­
n in g ."  T h is  r e p o r t  was c o -a u th o re d  by George W. Reid and R obert T. A lg u ire  
f o r  OWRR i n  May, 1973.
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COMPUTER MODEL FOR REGIONAL PLANNING 
OF WATER AND SEWER SYSTEMS
CHAPTER I  
INTRODUCTION
1 .1  O b je c tiv e s
The p rim e o b je c t iv e  o f  t h i s  r e s e a rc h  h as  been to  develop  a system s approach  
w hich would p ro v id e  a p r a c t i c a l  method o f  p la n n in g  r e g io n a l  w a te r  and sew er 
sy s tem s . The p roposed  te c h n iq u e s  w i l l  equ ip  th e  u rb an  p la n n e r  w ith  th e  
m ethodology f o r  th e  s e l e c t i o n  o f  an op tim al "p la n "  and f o r  th e  e s ta b lish m e n t 
o f  th e  c o n d i t io n a l  b o u n d a rie s  from th e  s o lu t io n s  o f  a l l  fo re s e e a b le  d ev e lo p ­
m en ts . U sing t h i s  a p p ro ac h , th e  model th e n  becomes an  e f f e c t iv e  to o l  in  
p la n n in g , f o r  i t  n o t o n ly  fu rn is h e s  th e  n e c e s sa ry  o u tp u t on w hich th e  p la n n e r  
can  develop  th e  w a te r  and sew er p la n ,  b u t i t  a l s o  g iv e s  him  th e  c a p a b i l i ty  o f  
gaming a l l  th e  a l t e r n a t i v e s  f o r  each o f th e  p o s s ib le  w o rld s .
I t  i s  t h i s  approach  th a t  makes t h i s  re s e a rc h  u n iq u e . The b a s ic  approach  
from th e  very  s t a r t  was to  develop  a model th a t  d id  n o t  p roduce  a  m a th e m a tic a lly  
e le g a n t  s o lu t io n  from th e  b a s ic  in p u t  d a ta .  The m odel, w ith  b u i l t  in  i n t e r ­
v e n tio n  and d e c is io n  le v e ls  f o r  th e  u s e r ,  was d es ig n ed  to  p ro ceed  in  s te p s .
A t each  s te p  th e  u s e r  e x p lo re s  a l l  p o s s ib le  s o lu t io n s  and d e c id e s  th e  p o s s ib le  
w o rld s  to  be e v a lu a te d  in  th e  n e x t l e v e l .  T h is  n o t  o n ly  g iv e s  th e  o p e ra to r  
th e  f l e x i b i l i t y  o f  gaming o th e r  a l t e r n a t i v e s  b u t  fo rc e s  in te r v e n t io n  and e v a lu a ­
t i o n  o f  a l t e r n a t i v e s  b ased  on th e  p re v io u s  le v e ls  p r i o r  to  p re c e d in g  to  th e  
n e x t  p h ase .
I f  one e v a lu a te s  th e  p a s t  e f f o r t s  o f  o th e r s  In  t h i s  a r e a ,  th e  g r e a t e r  p a r t  
o f  t h i s  work i s  p o la r iz e d  as m a th e m a tic a lly  e le g a n t  a t  one end and s c e n a r io s  
on th e  o th e r .  I t  w as , th e r e f o r e , d ec id ed  th a t  t h i s  work would be d e d ic a te d  to  
th e  f u l f i l lm e n t  o f  th e  need f o r  a system  t h a t  l i e s  somewhere betw een th e s e  
two p o le s ,  a system  th a t  would n o t  g e n e ra l iz e  in  b road  o v e ra l l  s o lu t io n s  n o r 
run  th rough  co m p lica ted  a lg o rith m s  u s in g  s p e c ia l iz e d  and ex p en siv e  d a ta  
in p u ts  to  " th e  s o lu t io n " .
I t  i s  to  t h i s  approach  t h a t  t h i s  re s e a rc h  i s  d e d ic a te d . I t  i s  a  system  
th a t  n o t  o n ly  em ploys r e a d i ly  a v a i la b le  d a ta  f o r  each p h ase , b u t one th a t  
fo rc e s  th e  u s e r  to  e v a lu a te  th e  r e s u l t s  and a l t e r n a t i v e s  produced a t  each 
le v e l  p r i o r  to  p ro c e e d in g  to  th e  n e x t p h a se . Thus i t  in s u re s  th a t  th e  u s e r  
u n d e rs ta n d s  th e  r e s u l t s  and commitments made p r e v io u s ly .  I t  i s  an approach  
in  w hich a p la n n e r  can r e - e v a lu a te  new a l t e r n a t i v e s  as  th ey  a re  developed  and, 
m ost o f  a l l ,  i t  i s  a system  th a t  does n o t  p ro v id e  a " s o lu t io n " ,  b u t th e  d a ta  
on w hich m ean ing fu l p la n n in g  d e c is io n s  can  be e v a lu a te d  and made.
1 .2  S ta te  o f  th e  A rt
A rev iew  o f  l i t e r a t u r e  can  b e s t  be s t a t e d  by u s in g  a com puter in fo rm a tio n  
r e t r i e v a l  system  known a s  GIPSY to  s e a rc h  th e  W ater R esources S c i e n t i f i c  I n f o r ­
m ation  C en te r  (WRSIC) f i l e  com piled  by th e  O f f ic e  o f  W ater R esources R esearch . T his 
f i l e  i s  m a in ta in e d  by WRSIC and c o n ta in s  a l l  th e  p e r t i n e n t  l i t e r a t u r e  in  th e  
f i e l d  o f  w a te r  r e s e a r c h .  T h is re s e a rc h  o f  th e  f i l e s  le d  to  a la rg e  number 
o f  r e la te d  a r t i c l e s .  A rev iew  o f th e s e  a b s t r a c t s  re v e a le d  th a t  on ly  a l im i te d  
number w ere a p p l ic a b le  to  la rg e  a re a s  on a  re g io n a l  b a s i s .  Of th e s e ,  on ly  a 
few w ere d i r e c t l y  r e l a t e d  to  t h i s  s tu d y . M ost d e a l t  w ith  s p e c i f i c  re g io n s  and 
w ere g ea re d  to  d a ta  c o l l e c t i o n ,  d e f in a b le  p ro b lem s, o r  th e  developm ent o f  
g e n e ra l and s p e c i f i c  recom m endations r e l a t e d  o n ly  to  th a t  d e f in e d  re g io n .
The ones t h a t  d id  o f f e r  new c o n c e p ts , a p p l ic a b le  m ethodology and m odeling 
te c h n iq u e s , o r  p e r t i n e n t  c o n c lu s io n s  a re  rev iew ed i n  t h i s  s e c t io n .  The 
g e n e ra l tre n d  b e in g  fo llow ed  i s  b e s t  summarized by R obert Dorfman ( 1 ) ,  
who s t a t e s ;  "New methods f o r  d e s ig n in g  w a te r  r e s o u rc e s  system s a re  b e in g  
e v a lu a te d  as  p a r t  o f  a g e n e ra l s o c ia l  tendency  tow ard e x p re s s in g  s o c ia l  
problem s in  th e  fo rm al modes th a t  have been r e s t r i c t e d  to  s c i e n t i f i c  and 
e n g in e e r in g  p ro b le m s ."  T h is  e v o lu tio n  h as  been fo llo w in g  two g e n e ra l ty p e s  o f  
m odels — s im u la tio n  and a n a l y t i c a l .  The .s im u la tio n  i s  th e  u se  o f a lg o r i th m s , 
u s u a l ly  on co m p u te rs , to  d e p ic t  s e q u e n tia l  tim e changes o f  e v e n ts .  T h is 
method p roduces e s t im a t io n s  o f  s i t u a t io n s  a t  a p ro je c te d  tim e u n d er c o n t ro l  
o f  s p e c i f i c  d e c i s io n s .  The a n a ly t i c a l  m odels u sed  e x p l i c i t  m a th em a tica l 
fu n c tio n s  o f d e s ig n  v a r ia b le s  to  p r e d ic t  e f f o r t s  o f  tim e .
In  th e  a r e a  o f  p la n n in g  and re so u rc e  management m odels , v a r ia t io n s  o f  
l i n e a r  and n o n - l in e a r  p rogram ing have been u sed  e x te n s iv e ly .  L in e a r  program ­
in g  was u sed  b ecau se  o f  th e  un ique  min-max c a p a b i l i t y ,  and because  i f  a l l  
fu n c tio n s  can  be red u ced  to  a l i n e a r  fo rem a t, th e  s o lu t io n s  a r e  u s u a l ly  s im p le . 
T h is  i s  r a r e l y  th e  c a s e ,  how ever, s in c e  most fu n c tio n s  o v e r tim e a re  n o n - l in e a r ,  
e s p e c ia l ly  c o s t .  When one fo rc e s  l i n e a r i t y ,  th e  accu racy  o f  h i s  s im u la tio n  
i s  red u ced . T h is  h as  g iv en  r i s e  to  th e  u se  o f  n o n - l in e a r  p rog ram ing . S ince  
g e n e ra l n o n - l in e a r  s o lu t io n s  g e t  ex trem ely  d i f f i c u l t ,  m ost work in  t h i s  a re a  
h as  been w ith  d e f in e d ,  such a s  concaved, n o n - l in e a r  f u n c t io n s .  D. P . Loucks (2 ) 
used  th i s  method f o r  th e  s o lu t io n s  o f  b ran ch in g  m u l t i - s ta g e  r i v e r - r e s e r v o i r  
prob lem s.
John Dracup ( 3 ) ,  u s in g  an a lg o ri th m  o f  p a ra m e tr ic  l i n e a r  p rogram ing , 
developed  a  model o f  th e  San G a b rie l V a lley  in  S o u th ern  C a l i f o r n ia  f o r  s u r fa c e  
and ground w a te r .  The s tu d y  u sed  f iv e  so u rces  to  m eet th r e e  req u irem en ts
over th e  p e r io d  from 1960 to  1990. T h is  method i s  d e sc r ib e d  a s  an e f f e c t iv e  
g u ide  f o r  lo n g -ra n g e  optimum d ec is io n -m ak in g  f o r  w a te r - re s o u rc e s  sy stem s.
S. C. P a r ik h  (4 ) and R. C. Harboe (5 ) used  dynamic program ing in  t h e i r  
r e s p e c t iv e  m odels to  so lv e  problem s on firm  energy  p ro d u c tio n . The P a r ik h  
model u sed  two a c tu a l  r e s e r v o i r s  in  N o rth e rn  C a l i f o r n ia  to  v a l id a te  th e  model 
and a l s o  to  check  th e  e f f e c t  o f  n o n -c o v e x ity  on th e  c o n s t r a in t  s e t .  Harboe 
u sed  in c re m e n ta l dynamic program ing  te c h n iq u e s  to  s o lv e  an o b je c t iv e  fu n c tio n  
f o r  m u l t ip le  pu rpose  w a te r  system s ex p re ssed  in  p h y s ic a l  te rm s . Both 
models o p tim iz e  th e  u se  o f  in te rc o n n e c te d  w a te r  r e s e r v o i r  sy stem s. I n  th e  
a re a  o f  re so u rc e  a l lo c a t io n  m odels, Reynolds and Conner (6) developed  an 
economic a l lo c a t io n  m odel, w hich i s  based  on th e  assum ption  th a t  th e  p r e v a i l in g  
goal o f  s o c ie ty  i s  s t r i c t l y  econom ic. A lso , a lo n g  t h i s  l i n e  o f . th in k in g .
G uise and F lln n  (7 ) u sed  n o n - l in e a r  program ing to  m aximize s o c ia l  p a y o ffs  f o r  
la rg e  s c a le  w a te r  r e s o u rc e  developm ent. T h is  model was th en  a p p lie d  to  th e  
Nurumbidgee i r r i g a t i o n  a re a  o f  New W ales (8 ) .
Supply  and demand m ode ls , w hich a re  th e  m ajo r t h r u s t  o f  t h i s  r e s e a rc h ,  
w ere i n i t i a t e d  a t  th e  U n iv e r s i ty  o f  Oklahoma by George W. Reid ( 9 ) .  The 
b a s ic  model u se s  dem ographic d a ta  and economic in p u ts  to  p ro v id e  o u tp u ts  
f o r  s t a t i s t i c a l  a r e a s .  T h is  re s e a rc h  p ro v id e s  th e  b a s ic  in p u t f o r  th e  model 
t h a t  w i l l  be developed  in  th e  fo llo w in g  c h a p te r s .  D e lu c ica  and Rogers (10) 
used  th e  N orth  A t la n t ic  Region (NAR) to  develop  a model th a t  had  a n o n - l in e a r  
o b je c t iv e  fu n c tio n  and l i n e a r  c o n s t r a i n t s .  T h is  model m inim ized e f f ic ie n c y  
c o s ts  and was based  on a c r i t i c a l  p e r io d  a n a ly s i s  and s e le c te d  r i s k  l e v e l s .
The a re a  o f  s im u la tio n  h a s  produced  s e v e ra l  a p p l ic a b le  te c h n iq u e s  o f  w a te r  
system  management. Beard and o th e rs  (11) used  s im u la tio n  on a s im p l i f ie d  
v e rs io n  o f  a p roposed  Texas w a te r  sy stem . The te c h n iq u e s ,  netw ork  a n a ly s is
and s e q u e n tia l  s e a rc h , a r e  com pared o v er a 17 y e a r  p e r io d  u n d er v a r ia t io n s  
o f  in p u ts  and demands.
Dracup and o th e rs  (12) developed  a model to  p r e d i c t  a v a i la b le  w a te r  
su p p ly  u s in g  long  term  p r e c i p i t a t i o n  d a ta  to  g e n e ra te  th e  ru n o f f  in  a 
re g io n a l  w a te r b a s in .  Dracup (13) th e n  worked on th e  c o n ju n c tiv e  u se  o f  
ground w a te r  system s by m axim izing b e n e f i t s  and m in im iz ing  c o s t .  T h is 
p ro c e s s  used  l i n e a r  and dynamic p rogram ing to  s tu d y  th e  c a p a b i l i t i e s  o f  th e  
system  and then  compared t h e i r  e f f e c t iv e n e s s .
1 .3  G eneral M ethodology
The m odel, w hich i s  d is c u s s e d  in  d e t a i l  th rough  a l l  ph ases  by Reid and 
A lg u ire  (1 4 ), was an  e x te n s io n  o f  p re v io u s  work done by Reid (9 ) .  T h is  co n ce p t 
s t a r t s  w ith  th re e  s e c to r s  - -  D em ographic, I n d u s t r i a l ,  and A g r ic u l tu r a l .  Each 
o f  th e se  s e c to r s  a re  m easured and e v a lu a te d  w ith in  th e  framework o f  th e  
e x i s t in g  p o l i t i c a l  sy stem . T h is  e v a lu a t io n  becomes an in fo rm a tio n  system  
w hich i s  p ro je c te d  in to  th e  f u tu r e  w ith in  th e  tim e fram e o f  th e  s tu d y . The 
p a s t ,  p r e s e n t  and f u tu r e  s e c to r s  o f  th e  in fo rm a tio n  system  a re  a p p l ie d  to  th e  
w a te r  and sew er system  i n  o rd e r  to  develop  th e  " p la n " ,  as shown in  F ig u re  1 -1 .
The in fo rm a tio n  system  i s  developed  o u t o f  each  s e c to r .  The dem ographic 
s e c to r ,  which r e l a t e s  to  p o p u la t io n  in  th e  u rban  and r u r a l  a r e a s ,  i s  m easured 
on a p e r  c a p i ta  b a s i s .  T h is  in c lu d e s  a l l  c a te g o r ie s  o f  o p e ra t io n  from th e  
d o m e s tic , com m ercial, and p u b l ic  l i f e  s t y l e s .  The i n d u s t r i a l  s e c to r ,  on th e  
o th e r  hand , i s  m easured in  te rm s o f  m an u fa c tu rin g  u se s  o f  w a te r .  I t  i s  
se g re g a te d  in to  th e  S tan d a rd  I n d u s t r i a l  C la s s i f i c a t i o n  (SIC) codes and i s  
m easured on a p e r  em ployee b a s i s  f o r  each two d i g i t  code . A g r ic u l tu r a l  
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F ig u re  1 -1 . System  S e c to r  R e la t io n s h ip
i r r i g a t i o n  o f  c ro p s .  T h is  in fo rm a tio n  system  i s  d e r iv e d  from a p ro ced u re  o f  
d a ta  c o l l e c t io n  o r  in v e n to r ie s  in  each  s e c to r ,  and th e  w a te r  and sew er sy stem . 
The p ro ced u re  d ev e lo p ed  was d e s ig n ed  to  u se  d a ta  which i s  r e l a t i v e l y  easy  to  
a c q u ire  and u p d a te .  Data t h a t  h a s  to  be s p e c i f i c a l l y  developed  f o r  a s tu d y  
and f o r  each new u p d a te  i s  o f  q u e s t io n a b le  v a lu e .  D ata , i f  a t  a l l  p o s s ib le ,  
sh o u ld  be a c q u ire d  o r  d e r iv e d  from so u rc e s  t h a t  a r e  n o t  o n ly  a lre a d y  a v a i la b le  
b u t w hich a re  a l s o  u p d a ted  p e r io d i c a l ly  by a ss ig n m e n t. T h is  c r e a te s  a s tu d y  
w hich i s  n o t o n ly  com prehensive , b u t a l s o  h as  a b u i l t - i n  c a p a b i l i t y  to  be 
used  c o n t in u a l ly  a t  a minimum o f  c o s t .
A f te r  c o l l e c t i o n ,  th e  d a ta  i s  th e n  p ro je c te d  th rough  th e  tim e fram e o f  
th e  s tu d y , in  t h i s  c a s e  tw enty  y e a rs  (s e e  F ig u re  1 -2 ) .  T h is tim e fram e can  
be any le n g th  o f  tim e t h a t  i s  d i v i s i b l e  in t o  f iv e  y e a r  in c re m en ts  from  th e  
b a se  y e a r .  T h is  f iv e  y e a r  in c re m en t was s e le c te d  b ecau se  i t  i s  th e  most 
r e a l i s t i c  tim e fram e in  w hich p r o je c t io n s  can be made w ith  a h ig h  d e g re e  o f  
a c c u ra c y  b e fo re  u p d a tin g  th e  b ase  d a t a .  T h is  th e n  r e q u ir e s  th e  p r o j e c t  to  be 
s e l f - c o n t in u in g  on a f iv e  y e a r  c y c le .  T h e re fo re , i t  becomes th e  f i r s t  
b u i l t - i n  i n t e r v e n t io n  s te p  i n  th e  sy stem .
T h is  in t e r v e n t io n  i s  one o f  th e  p rim ary  g o a ls  t h a t  was e s ta b l i s h e d  a t  
th e  v e ry  o u ts e t  o f  th e  s tu d y . I t  i s  th e  v ery  h e a r t  o f  a  p r a c t i c a l  system  
i n  p la n n in g . A system  th a t  i s  m a th e m a tic a lly  s im u la te d  th rough  th e  tim e 
fram e o f  th e  s tu d y  and r e q u ir e s  o n ly  th e  in p u t  d a ta  to  p roduce  "THE PLAN" 
o u t o f  th e  o th e r  en d , h as  f a i l e d  to  be o f  p r a c t i c a l  u s e .  Even i f  th e  answ er 
p roduced  i s  r e l a t i v e l y  a c c u r a te ,  th e  u se  o f  a p la n  t h a t  i s  n o t  f u l l y  u n d e r­
s to o d  by i t s  u s e r s  and w hich lo c k s  them in  on one s o lu t io n  c a n n o t be  f u l l y  
j u s t i f i e d .  I t  i s  n o t  r e a l i s t i c  to  p la n  t h a t  f a r  i n  advance w ith o u t ap p ro ach in g  














F ig u re  1 -2 . O p e ra t io n a l  Flew  C h a rt
When one u se s  t h i s  in c re m e n ta l ap p ro ach , he  i s  fo rc e d  to  u n d e rs ta n d  th e  
sy stem . Each s te p  r e q u ir e s  a rev iew  o f  how th e  p re v io u s  a l t e r n a t i v e s  changed 
th e  system  and a d e c is io n  a s  to  w hich o f  th e se  a l t e r n a t i v e s  w i l l  b e  a p p lie d  
to  th e  n e x t  tim e in c re m en t f o r  e v a lu a t io n .  T h is  then  le a d s  to  th e  tech n iq u e  
developed  by Reid (9 , 14) o f  p r o je c t in g  th e  d a ta  based  on th e  u se  o f  g o a ls .
Reid s e t  th e se  g o a ls  a s  p ro b a b le , p r a c t i c a l  and p o s s ib le  a s  shown in  F ig u re  
1-3 (1 4 ) .
A p o s s ib le  w orld  i s  one th a t  a  u s e r  would s t r i v e  f o r .  I t  m igh t even be 
d e s c r ib e d  as  i d e a l i s t i c .  These p o s s ib le  g o a ls ,  a lth o u g h  i d e a l i s t i c ,  m ust 
be tem pered w ith  judgm ent. The c a p a b i l i ty  o f  a  p rim ary  a r t e r i a l  s t r e e t  
system  to  fu n c tio n ,  even d u rin g  peak  h o u rs ,  i n  an  unco n g ested  s t a t e  o r  adequa te  
w a te r  even fo r  peak  summer lo a d s  on a  co n tin u o u s  b a s i s  a r e  th e  p o s s ib le  
g o a ls .  I t  would ta k e  heavy d e d ic a tio n  o f  re s o u rc e s  t h a t  a re  a l s o  needed in  
o th e r  a r e a s ,  b u t th e s e  g o a ls  a re  a t t a in a b le .
The p ro b ab le  g o a ls  a re  th o se  t h a t  a re  a t t a in a b le  i f  th e  system  i s  
a llow ed  to  " d r i f t "  i n t o  th e  n e x t tim e in c rem en t u s in g  th e  non-system s approach - 
an  approach  th a t  i s  based  on th e  p o l i t i c a l  and so c io -ec o n o m ic a l demands w ith o u t 
s tro n g  req u ire m en ts  f o r  r e a l i s t i c  p la n n in g . T h is  system  u s u a l ly  la g s  behind  
grow th and can be w a s te fu l  o f  r e s o u rc e s .
The p r a c t i c a l  g o a ls  a r e  th e  ones in  w hich we a re  s t r i v i n g  to  id e n t i f y  
w ith  t h i s  p ro c e ss  and th ey  l i e  somevrtiere betw een th e  p o s s ib le  and th e  p ro b ab le  
g o a ls .
The i d e n t i f i c a t i o n  and p r o je c t io n  o f  th e s e  two l a t t e r  g o a ls  e s ta b l i s h e d  
th e  b o u n d a rie s  o f  th e  envelope  in  w hich th e  p r a c t i c a l  s o lu t io n s  w i l l  l i e .
T h is  e s ta b l i s h e s  in  th e  mind o f  th e  u s e r  th e  c o n s t r a i n t s  o f  th e  sy stem .
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Figure 1 -3 . Planning Process.
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r e a l i s t i c a l l y  reac h  th e  p r a c t i c a l  g o a l f o r  t h a t  tim e in c re m e n t. T h is  p r a c t i c a l  
g o a l ,  o r  a s e le c t io n  o f  p r a c t i c a l  g o a ls ,  becomes th e  d a ta  b a se  f o r  th e  n e x t 
tim e in c re m en t.
A f te r  th e  in fo rm a tio n  system  h as  been i d e n t i f i e d  and p r o je c te d  in t o  th e  
tim e fram e o f  th e  s tu d y , th e  a c tu a l  co m p u terized  system  b e g in s .  A C o h o rt-  
S u rv iv a l P o p u la tio n  Model ta k e s  t h i s  d a ta  and "grow s" th e  re g io n  in to  th e  
f u tu r e .  The o u tp u t o f  t h i s  program  i s  e x te n s iv e  and g iv e s  m ost o f  th e  
dem ographic in fo rm a tio n  r e q u ir e d  f o r  d ev e lo p in g  th e  sy stem . I t  a l s o  has 
th e  g r e a t e s t  c a p a b i l i ty  o f  gaming a l t e r n a t i v e s  f o r  f u tu r e  g o a ls .  One can 
lo o k  a t  th e  dem ographical consequences o f  w hat p o s s ib le  a l t e r n a t i v e s  m igh t 
b r in g .  A d e c is io n  to  p u rsu e  heavy  in d u s t r y  w i l l  b r in g  jo b s  and econom ical 
rew ard s , b u t a l s o  heavy w a te r  and sew er re q u ire m e n ts . L arge am ounts o f  
p e o p le  and so c io -eco n o m ica l p roblem s w i l l  a l s o  a r i s e  w ith  t h i s  "boom" 
o f  p r o s p e r i ty .  As one w atches  th e s e  d e c is io n s  grow i n t o  th e  f u tu r e ,  he  
becomes aware o f  th e  r a m if ic a t io n s  each  a l t e r n a t i v e  b r in g s .
T h is  i s  th e  b e g in n in g  o f  i n t u i t i v e  p la n n in g  — a  r e a l i z a t i o n  t h a t  p r a c t i c a l  
g o a ls  a re  th o se  t h a t  a r e  n o t  o n ly  o b ta in a b le ,  b u t ones t h a t  th e  t o t a l  system  
can  a f f o r d .  Many p o s s ib le  g o a ls  can  be a c q u ire d  in  a  r e g io n a l  sy stem , b u t  
i f  th e  u s e r  i s  n o t  "grow ing" h i s  com prehensive p la n  th ro u g h  th e  tim e  fram e, 
h e  may ach iev e  a s e t  o f  g o a ls  th a t  c o s t  th e  system  more re s o u rc e s  th a n  i t
w i l l  e v e r  have o r  be a b le  to  a c q u ire  — a  p o s i t io n  th a t  many o f  o u r l a r g e r
m e tro p o li ta n  re g io n s  f in d  th em se lv es  i n  to d a y .
The dem ographic d a ta  i s  th e n  a l lo c a t e d  to  an a r e a l  scheme f o r  each  in c r e ­
m en t. These schemes a r e  b ased  on th e  p o p u la tio n  p r o je c t io n s  o f  th e  a l t e r n a t i v e s  
t h a t  th e  u s e r  w anted to  i n v e s t i g a t e .  A gain th e  u s e r  i s  asked  to  in te rv e n e  
and s e l e c t  a l t e r n a t i v e s  f o r  in v e s t i g a t io n .  The s e le c t io n  o f  th e s e  schemes
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h as  v a s t  r a m if ic a t io n s  on th e  w a te r  and sew er system  o f  th e  r e g io n ,  to  
say  n o th in g  o f  th e  o th e r  sy stem s, such a s  t r a n s p o r ta t io n  and e d u c a tio n , 
in h e re n t  to  t h i s  re g io n . The u s e r  may w ish  to  "game" a l t e r n a t i v e s  to  v e r i f y  
w hich a re  p r a c t i c a l  and w a rra n t f u r th e r  in v e s t ig a t io n  and th o s e  w hich do n o t .
These s e le c t io n s  a re  th e n  u sed  a s  in p u t to  th e  demand m odel. T h is  
program  com putes th e  amount o f  w a te r  t h a t  each  s t a t i s t i c a l  a r e a  u n i t  (SAU) 
needs and t h e i r  d is c h a rg e s .  These demand fu n c tio n s  w ere d e r iv e d  from th e  
in fo rm a tio n  system  and d e p ic t  th e  demands i n  any  o f  s e v e r a l  a r e a l  fo rm a ts .
One can  in v e s t i g a t e  th e  re q u ire m e n ts  o f  p o l i t i c a l  b o u n d a r ie s , and th e  lo a d in g s  
on p a r t i c u l a r  s o u rc e s  and tre a tm e n t f a c i l i t i e s .  F o r each  a r e a l  scheme th e se  
demands can  be p r o je c te d  and e v a lu a te d  b e fo re  th e  s e l e c t i o n  o f  th e  a l t e r ­
n a t iv e  to  be  p ro c e s se d  i n t o  th e  n e x t  p h a se .
The f i n a l  program  i s  a  ne tw ork  model w hich e v a lu a te s  th e  c a p a c i t i e s  
and c o s t  fu n t io n s  o f  th e  sy stem . I t  w i l l  ta k e  each  o f  th e s e  a l t e r n a t i v e s  
and d e te rm in e  th e  s y s te m 's  c a p a b i l i t y  to  be expanded i n  o rd e r  to  s e r v ic e  th e
a l t e r n a t i v e s  t h a t  th e  u s e r  h a s  in p u te d  in to  th e  r e g io n .  T h is  g iv e s  th e
u s e r  th e  answ ers to  e v a lu a te  each  a l t e r n a t i v e  i n  th e  " s e le c t io n "  o f  a  p la n ; 
n o t  a p la n  t h a t  a  sy stem  o f  m odels say s  i s  th e  s o lu t i o n .
As th e  u s e r  p ro g re s s e s  th ro u g h  t h i s  m ethodology , h e  sh o u ld  become aware 
t h a t  t h i s  system  i s  a  p r a c t i c a l  approach  to  a m ost c o m p lic a te d  p ro c e s s .
There i s  no s in g le  s o lu t io n ,  b u t a  s te p  by s te p  p ro c e s s ,  w here one i s  t r y in g  
to  a ch iev e  a p r a c t i c a l  g o a l t h a t  b e s t  b e n e f i t s  h i s  r e g io n .  I t  i s  a p ro c e ss  
t h a t  r e q u ir e s  c o n s ta n t  e v a lu a t io n  o f  w here th e  sy stem  i s  and w here i t  i s  
g o in g . Only th e n  can  one hope to  p roduce  a  s y s te m a tic  ap p roach  to  a  problem
th a t  changes a s  f a s t  a s  ou r m odem s o c ie ty .
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CHAPTER I I
DATA PREPARATION AND THE POPULATION MODEL
2 .1  In t ro d u c t io n
T his c h a p te r  i s  a rev iew  o f  th e  d a ta  c o l l e c t io n  p ro c e d u re s  and th e  
p o p u la tio n  m odel. T h is  in fo rm a tio n  i s  covered  in  d e t a i l  by R eid and 
A lg u ire  (14) i f  a  more com prehensive e x p la n a tio n  i s  d e s i r e d .  Many o f  th e se  
p ro ced u res  w ere o r ig i n a l l y  fo rm u la te d  by R eid (9 ) and l a t e r  m o d ified  f o r  
t h i s  p a r t i c u l a r  s tu d y . The s tu d y  by Reid was o r ig i n a l l y  done f o r  a  
d e f in e d  a re a  and th e r e f o r e  r e q u ire d  a  c e r t a in  amount o f  a l t e r a t i o n s  fo r  
g e n e ra l u s e .
The p r in c i p le s  o f  th e  p o p u la tio n  model a re  b a s i c a l l y  unchanged from 
th e  work done by R eid , a lth o u g h  s e v e ra l  o f th e  s u b ro u tin e s  w ere m o d ified . 
M ost o f  th e  m o d if ic a t io n s  w ere done i n  th e  a re a  o f  in p u t d a ta  re q u ire m e n ts . 
S u b ro u tin e s  w ere added to  compute th e  in t e r m i t t e n t  c y c le  d a ta  p o in t s  i n t e r ­
n a l ly .  T h is  was done in  o rd e r  to  reduce  th e  la rg e  q u a n t i t i e s  o f  in p u t 
d a ta  th a t  t h i s  model r e q u i r e s .  The p o p u la tio n  model was a l s o  a l t e r e d  in  
th e  p ro ced u re s  f o r  h a n d lin g  m ig ra tio n . T h is was m o d ified  so  t h a t  th e  model 
co u ld  be "gamed" th ro u g h  a l t e r n a t i v e s  w ith  l i t t l e  change in  th e  in p u t d a ta .  
These changes a r e  co v ered  in  d e t a i l  in  th e  r e p o r t  to  OWRR and w i l l  n o t  be 
covered  in  t h i s  s tu d y .
2 .2  Sewer and W ater System
The m ost demanding o f  th e  d a ta  c o l l e c t io n  i s  t h a t  o f  th e  w a te r  and
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sew er sy stem . A com plete  In fo rm a tio n  f i l e  I s  r e q u ir e d  f o r  t h i s  a re a  o f  
th e  s tu d y . The e x a c t  m ethodology re q u ire d  I s  a g a in  d e t a i l e d  In  th e  OWRR 
F in a l  R eport and o n ly  th e  g e n e ra l req u ire m en ts  w i l l  be covered  h e re .
A com plete  In v e n to ry  o f  a l l  r e s o u rc e s ,  a v a i la b l e  and p ro je c te d ,  I s  th e  
f i r s t  s t e p .  Each so u rce  I s  I d e n t i f i e d  as  to  q u a n t i ty ,  q u a l i t y ,  and cap a­
b i l i t y .  T h is  In c lu d e s  a l l  p r o je c t s  e x i s t in g  and " In  th e  m i l l " ,  and g iv e s  
th e  u s e r  an Id e a  a s  to  th e  r e g io n 's  c a p a b i l i t i e s ,  b o th  Im m ediate and In  
th e  n e a r  f u tu r e .  The n e x t p hase  I s  th e  e v a lu a t io n  o f  th e  netw ork  th a t  
co n n ec ts  th e  so u rc e s  w ith  th e  tre a tm e n t and d i s t r i b u t i o n  sy stem s. F in a l ly ,  
th e  a c tu a l  d i s t r i b u t i o n  system  I s  In v e n to r ie d .
The economic a n a ly s i s  o f  th e  w a te r  system  I s  th e  n e x t phase o f  th e  
In v e n to ry  and d a ta  c o l l e c t i o n .  Each segm ent o f  t h i s  sy stem , from so u rce  
to  d i s t r i b u t i o n .  I s  e v a lu a te d  on a  c o s t  b a s i s .  The o p e ra t in g  c o s t  o f  a l l  
p h ases  I s  d e te rm in ed  and th e  d e b t s t r u c t u r e  I s  a n a ly z e d . T h is In fo rm a tio n  
In c lu d e s  th e  e s tim a te d  l i f e  and expansion  c a p a b i l i t i e s .  The c o s t  d a ta  
I s  ta b u la te d  a s  f ix e d  and v a r ia b le .  The v a r ia b le  d a ta  I s  computed on a 
m i l l io n  g a l lo n  p e r  day b a s i s .  Upon co m p le tio n , th e  u s e r  sh o u ld  have 
a  com plete  u n d e rs ta n d in g  o f  th e  l im i t a t i o n s  and c a p a b i l i t i e s  o f th e  w a te r  
system .
B a s ic a l ly ,  th e  same p ro c e s s  I s  re p e a te d  f o r  th e  sew er netw ork . One o f  
th e  m ain d i f f e r e n c e s  I s  an a n a ly s i s  o f  th e  c a p a b i l i t i e s  o f  th e  re c e iv in g  
s tream s to  h a n d le  th e  e f f l u e n t .  T h is  can  be a  m a jo r c o n t r o l  p o in t  and 
m ust be c a r e f u l ly  e v a lu a te d .  A gain , th e  Im portance o f  th e  c o s t  a n a ly s is  
can n o t be o v e re s tim a te d , f o r  on th e se  c o s t  f ig u r e s  a l l  p r o je c t io n  o f  
p r a c t i c a l  g o a ls  r e l y .  They d e te rm in e  th e  acc u racy  o f  th e  p ro je c te d  p la n  
and I t s  r e l a t io n s h ip  to  th e  r e a l  w o rld . A p la n  th a t  lo o k s  good b u t I s
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eco n o m ica lly  u n a c h ie v a b le  i s  an e x e rc is e  in  f u t i l i t y .
The n e x t p hase  th a t  m ust be accom plished  i s  th e  d e te rm in a tio n  o f  th e
demand fu n c tio n  f o r  each  s e c to r .  T h is  was done from th e  p a s t  re c o rd s
o f  w a te r  u se  and d is c h a rg e  f o r  each  c a te g o ry  (se e  C h ap te r  IV f o r  l i s t i n g ) . 
A f te r  t h i s  d a ta  was accum ula ted  and c a te g o r iz e d ,  i t  was p r o je c te d  u s in g  
r e g re s s io n  a n a ly s i s .  A l i n e a r  e q u a tio n  was developed  f o r  each  c a te g o ry .
The i n d u s t r i a l  s e c to r  produced  a la r g e  number o f  l i n e a r  e q u a tio n s  w ith  
z e ro  s lo p e . T h is  can  be ex p ec ted  when p ro d u c tio n  i s  d i r e c t l y  r e l a t e d  
to  th e  number o f  em ployees and th e  p ro d u c tio n  te c h n iq u e s  a r e  f ix e d .  I f  
some in d u s t r i e s ,  e s p e c ia l ly  s i g n i f i c a n t  u s e r s ,  do n o t  f i t  i n t o  t h e i r  
c a te g o ry  because  o f  some u n iq u e  m a n u fa c tu rin g  p ro c e s s ,  th e y  can  be in p u te d
a s  s p e c ia l  u s e r s  and a r e  h an d led  s e p a r a te ly  i n  th e  demand m odel.
2 .3  G eneral D ata
T h is  p o r t io n  o f  th e  d a ta  c o l l e c t i o n  i s  th e  th in g  t h a t  makes t h i s  re g io n  
u n iq u e . I t  c a l l s  f o r  a  rev iew  o f a l l  l o c a l ,  r e g io n a l ,  and s t a t e  s t a t u to r y  
r e g u la t io n s  and c o n t r o l s ;  th e  p o l i t i c a l  b o u n d a rie s  and a g e n c ie s  th a t  make 
up th e  re g io n ; and a  rev iew  o f  t h e i r  p a s t  c o o p e ra tiv e  p r o j e c t s ,  w hich w i l l  
a l s o  p rove b e n e f i c i a l  f o r  f u tu r e  recom m endations. T h is  s e c t io n  more o r  
l e s s  e s t a b l i s h e s  th e  r u le s  and r e g u la t io n s  u n d er w hich t h i s  r e g io n  i s  
o p e ra t in g .  I t  w i l l  a llo w  th e  u s e r  to  s e l e c t  more r e a l i s t i c  a l t e r n a t i v e s  
f o r  "gam ing" th e  com puter runs and to  avo id  any th a t  a r e  n o t  p r a c t i c a l  o r  
l e g a l .
2 .4  P o p u la tio n  Model
The d a ta  re q u ire m e n ts  f o r  t h i s  model a r e  m ain ly  a v a i la b l e  from th e  U. S. 
Census R eports and a re  augm ented and v e r i f i e d  by lo c a l  and s t a t e  d a ta  so u rc e s ,
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A ll o f  th e  in p u t  and p r o je c t io n s  a r e  e a s i l y  a t t a i n a b l e  o r  d e r iv e d  from 
th e se  s o u rc e s .  The m ethod u sed  by R eid  and A lg u ire  (14) i s  by no means 
a b s o lu te  b u t  i s  d is c u s s e d  and v e r i f i e d  i n  t h a t  r e p o r t .
The model h as  a  m u l t i p l i c i t y  o f  c a p a b i l i t i e s  d e s ig n e d  i n t o  i t .  The 
o u tp u t can  be f o r  any a rran g em en t o f  th r e e  d is a g g re g a te d  r e g io n s ,  
u s u a l ly  U n ite d  S t a t e s ,  S t a t e  and R eg ion . The model w i l l  h a n d le  any s i z e  
a r e a  from a  c i t y  to  a  n a t io n ,  and p r o j e c t  th e  d a ta  i n  f iv e  y e a r  c y c le s  
from th e  b a se  y e a r  to  any  p r o je c te d  y e a r  d e s i r e d .  The r a p i d i t y  w ith  
w hich o u r s o c ie ty  changes p re c lu d e s  th e  ru n n in g  o f  th e  model much p a s t  
tw enty to  t h i r t y  y e a rs  e x c e p t f o r  g e n e ra l  in fo rm a tio n .
The model o u tp u t ( s e e  F ig u re s  2 -1  th ro u g h  2 -5 ) g iv e s  th e  p o p u la t io n  by 
ag e , s e x , and ra c e  f o r  each  a r e a  and f iv e  y e a r  p e r io d .  T h is  p o p u la tio n  
p r o je c t io n  i s  th e n  f u r t h e r  d iv id e d  in t o  a re a s  o f  s p e c i f i c  i n t e r e s t .  The 
f i r s t  a r e a ,  u s in g  th e  same fo rm at a s  th e  b a se  p o p u la tio n  p r o je c t io n ,  i s  
th e  m ig ra tio n  t h a t  h a s  o c c u rre d  w i th in  t h a t  a r e a  d u rin g  th e  l a s t  f iv e  y e a r s .  
I f  th e  d a ta  i s  p o s i t i v e ,  th e  m ig ra tio n  h as  come i n t o  th e  a r e a .
The r e s t  o f  th e  o u tp u t g iv e s  a  good c h ro n o g rap h ic  p r o f i l e  o f  th e  a r e a .
I t  c o n ta in s  th e  income l e v e l s  and d i s t r i b u t i o n  t h a t  o ccu r d u r in g  t h a t  tim e . 
The d i s t r i b u t i o n  t h a t  o c c u rs  a t  each  income le v e l  i s  f u r t h e r  c a te g o r iz e d  by 
th e  number o f  h o u seh o ld s  and t o t a l  la b o r  f o r c e .  T h is  data  i s  th e n  sum m arized 
a t  th e  bo ttom  o f th e  o u tp u t s h e e t  (s e e  F ig u re  2 -4 ) .
F in a l ly ,  th e  in fo rm a tio n  i s  d is p la y e d  as  to  th e  p o p u la tio n  t h a t  e x i s t s  
i n  each c a te g o ry  o f  o c c u p a tio n  and in d u s t r y .  T h is  w i l l  g iv e  th e  u s e r  a good 
dem ographic p r o f i l e  o f  th e  p o p u la tio n  a t  each tim e c y c le .  T h is  d a ta  i s  u sed  
to  p r o je c t  la n d  u se  ( s e e  C h a p te r  I I I ) .
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When th e  p o p u la tio n  model i s  ru n  f o r  th e  p e r io d  o f  th e  s tu d y , th e  u s e r  
can  q u ic k ly  v i s u a l i z e  th e  dem ographic p r o f i l e  o f  th e  re g io n  a s  I t  grows 
th ro u g h  tim e u nder a  s e le c te d  a l t e r n a t i v e  o r  s e t  o f  g o a ls .  I t  I s  t h i s  
c a p a b i l i t y  t h a t  makes t h i s  model u n iq u e . I t  h a s  been u sed  s u c c e s s f u l ly  f o r  
a l l  ty p es  o f  a re a s  and I t s  f u l l  c a p a b i l i ty  as  a  p la n n in g  to o l  h a s  y e t  to  
be  r e a l i z e d .
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1990 POPULATION PROJECTION
UNITED STATES -  U .S . CENSUS SERIES C
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TOTAL TOTAL TOTAL TOTAL TCTAL
AGE MALE FEMALE MALE FEMALE WHI TE NON-W MALE FEMALE PCP.
0 - 4 10712. 10257. 26 2 7 . 2342 . 20969 . 4969 . 13339. 12599. 25937 .
5- 9 9992. 9650 . 2613 . 2225 . 19642. 4838 . 12605. 11875. 2448C.
10- 14 9023 . 8754 . 2444 . 1999. 17778. 4443. 11467. 10753. 2222C.
15- 19 8142 . 7919. 2214 . 1698. 16061. 3912 . 10356. 9617 . 19973.
20 - 24 7105. 6 8 8 0 . 1727. 1337. 13985. 3064. 8832. 8217 . 17049.
2 5 - 29 8419 . 8210 . 2146 . 1555. 16629. 3701. 10565. 9766. 20330.
30- 34 8 7 2 1 . 8 5 9 8 . 2277 . 1595. 17319. 3872 . 10998. 10192. 21191 .
35- 39 7969. 8020 . 1947. 1389. 15969. 3336. 9916. 9409. 19325.
4 0 - 44 6670 . 7246. 1294. 1121. 13915. 2415 . 7964. 8367 . 16331.
4 5 - 49 5607. 5843 . 910. 87 5 . 11451. 1785. 6517 . 6 7 1 8 . 13235.
50- 54 4663 . 4887 . 705. 749. 95 5 0 . 1454. 5368. 5635 . 11004.
55- 59 4380 . 46 9 8 . 598 . 686 . 9 0 7 8 . 1285. 4979. 5384. 10363.
60 - 64 4476 . 5013 . 543 . 642 . 94 9 0 . 1186. 5020 . 5656 . 1C676.
6 5 - 69 4137 . 4964 . 45 2 . 536. 91 0 2 . 988 . 4589. 5501. 10090.
70- 74 3313. 42 9 9 . 325 . 411 . 7612 . 736. 3638. 4710 . 634C.
75- 79 2430 . 3499 . 22 3 . 307 . 59 2 9 . 530 . 2653 . 3806 . 64 5 9 .
80 - 84 1557. 2 5 6 9 . 140. 214 . 4 1 2 6 . 353. 1697. 2 782. 4480 .
85 + 1279. 2 4 4 4 . 135. 24 0 . 3 7 2 3 . 375. 1413. 2685 . 4 0 9 e .
TOTAL 108595. 113752. 23320. 19921. 222347 . 43241. 131915. 133674. 265568 .
PERCENT 4 0 .9 4 2 .8 8 .8 7 .5 8 3 .7 1 6 .3 4 9 .7 5 0 .3 1 CO. C
MEDIAN AGE 3 0 .5 3 3 .0 25.1 2 6 .2 3 1 .8 2 5 .5 2 9 .4 3 2 .0 30. 7
SEX RATIO 95 5 . 1171. 987.
F i g u r e  2 - 1 .
UNITED STATES - U.S. CENSUS SERIES C
1990
NET MI ORATION(XI0 0 0 . )
WHITE NON-W WHITE
AGE GROUP FEMALE FEMALE MALE
0 -  4 135. 14. 186.
5 -  9 115. 13. 155.
10 -  14 77. 8 . 116.
15 -  19 119. 9 . 154.
20 -  24 191. 2 7 . 181.
25 -  29 174. 2 7 . 260 .
30 -  34 118. 2 8 . 221 .
35 -  39 9 4 . 18. 145.
40 -  44 4 6 . 7. 48 .
45 -  49 2 8 . 4 . 30.
50 -  54 2 4 . 3 . 13.
55 -  59 2 4 . 3 . 19.
60 -  64 17. 2 . 14.
65 -  69 15. 1. 4.
70 -  74 8 . 2 . 3.
75 -  79 2 . 0 . 2.
80 -  84 2 . 0 . 0.
85 + 0 . 0 . 0.
TOTAL 1189. 168. 1 552.
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PER CAPITA INCOME 6717
POP. IN GRUUP QTRS. 7170
AVE. LABOR FORCE INCOME 8 793
TOTAL p e r s o n a l INCOME 1784C67.
Figure 2-4.
UNITED STATES -  U .S .  CENSUS SERIES C 
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Figure 2-5.
CHAPTER I I I  
LAND USE
3 .1  I n t r o d u c t io n
The developm ent o f  a  t r u l y  u s a b le  com prehensive la n d  u se  model h as  
e lu d ed  s o c ie ty ,  even w ith  i t s  m odem  te ch n o lo g y  and equ ipm en t. A model 
t h a t  co u ld  be u sed  by m ost u rb an  a r e a s  and one th a t  w ould g iv e  r e a l i s t i c  
p r o je c t io n s  o f  f u tu r e  la n d  u se  i s  o b v io u s ly  a  v ery  d e s i r a b l e  g o a l ,  b u t 
t h i s  model c o n s ta n t ly  e sc a p e s  th e  p r a c t i c a l  b ecau se  o f  th e  c o m p le x it ie s  
t h a t  e x i s t  in  each  new in c re m en t o f  tim e and th e  e x is te n c e  o f  c o m p lica ted  
s o c i a l ,  eco n o m ica l, and p o l i t i c a l  r a m if ic a t io n s  th a t  o ccu r w ith  each  new 
change .
Most p r o f e s s io n a ls  in  t h i s  a r e a  can  g iv e  an e x te n s iv e  r e p o r t  on th e  
problem s o f  d ev e lo p in g  a la n d  u se  p la n  f o r  th e  f u tu r e  and th e n  a c h ie v in g  th a t  
g o a l .  Many p la n n in g  a g e n c ie s  u se  th e  p la n  o n ly  a s  a " g u id e "  t h a t  i s  s u b je c t  
to  change a t  each com m ission o r  com m ittee m e e tin g , s u b je c t  a s  i t  w ere to  an 
u n p re d ic ta b le  a r r a y  o f  p r e s s u r e  g ro u p s . .  W ith each change a  m yriad  o f  new 
re q u e s ts  and s i d e - e f f e c t s  r e s u l t s  t h a t  dom inate th e  p la n  u n t i l  i t  becomes 
w o r th le s s .
T here have been  many m odels t h a t  have been developed  f o r  a p a r t i c u l a r  
m e tro p o li ta n  a r e a ,  b u t th e s e  m odels soon become so s p e c ia l i z e d  and com plex 
th a t  th e y  become "com puter sch o o l e x e r c is e  ty p e  games" o r  an  e x e r c is e  in  
s o p h is t ic a te d  p rogram ing te c h n iq u e s .  I t  th en  ta k e s ,  even  w ith  h ig h ly  
q u a l i f i e d  p e rs o n n e l,  lo n g e r  to  s e t  u p , de-b u g , ru n , and i n t e r p r e t  th e  d a ta  
th a n  i t  does f o r  th e  la n d  u se  to  change .
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As n o te d  by F re d r ic k  B a ir ,  "The p la n n e r  who p roduces a  w orking compre­
h e n s iv e  p la n  f o r  now and th e  s h o r t- r a n g e  f u tu r e  h as  done a h ig h ly  commendable 
jo b . Of c o u rs e ,  i t  w i l l  fad e  o f f  a t  th e  edges f iv e  o r  s ix  y e a rs  ahead - -  and 
i t  s h o u ld ."  (15) I t  i s  t h i s  ty p e  o f  th in k in g  co up led  w ith  th e  f a c t  t h a t  th e  
u rban  system  i s  a l re a d y  o p e ra t in g  on netw orks th a t  a r e  o u td a te d , in a d e q u a te , 
a n d /o r  a lre a d y  c a p a c i t a te d ,  t h a t  p ro v es  th e  f a l l a c y  o f  d e t a i l e d  long  range 
la n d  p la n n in g  and m odels.
As d is c u s s e d  in  a  s p e c ia l  s tu d y  o f  "Downtown Id e a  Exchange"(1 6 ) , th e  
f u tu r e  r o le s  o f  downtown, and hence  th e  u rban  a re a  in  t o t a l ,  can n o t be 
ag ree d  upon. What p a r t  w i l l  each p o r t io n  o f  th e  c i t y  p la y  20 y e a rs  from 
now? W ill th e  C e n tra l  B u sin ess  D i s t r i c t  (CBD) be th e  " h e a r t"  and be r e v i t a l i z e d  
w ith  trem endous c a p i t a l  in v e s tm e n t, o r  w i l l  th e  u rb an  re g io n  " d is p e r s e "  in to  
s e l f - s u s t a in i n g  new tow ns, o r  w i l l  th e  CBD be l e f t  to  d ie  and change l i k e  a 
l i v in g  "D onut"? T hese , and many s im i la r ,  a r e  v e ry  c o m p lic a te d  q u e s t io n s ,  
and "w hich one i s  r i g h t ? " ,  i f  any one r e a l l y  i s ,  becomes a w hole new prob lem .
Add to  t h i s  a l re a d y  e n ta n g le d  problem  th e  c u r r e n t  f i n a n c ia l  p rob lem s, 
en v iro n m en ta l p o l l u t i o n ,  and th e  en su in g  energy  c r i s i s ,  th en  one can  q u ic k ly  
r e a l i z e  n o t  o n ly  th e  d i f f i c u l t y ,  b u t th e  req u ire m en t f o r  long  range p la n n in g .
I t  i s  a lm o st l i k e  sa y in g  t h a t  th e  problem  can n o t be so lv e d  on one hand , 
w h ile  say in g  t h a t  i s  h a s  to  be so lv e d  on th e  o th e r .
"The a r t  o f  p la n n in g "  needs to  ta k e  a  more r e a l i s t i c  lo o k  a t  th e  f u tu r e .
The f u tu r e  p la n  sh o u ld  be developed  to  f i t  th e  " e s ta b l i s h e d  g o a ls "  an d , w ith in  
th e  range o f  known o r  fo re s e e a b le  t r e n d s ,  made to  a c h ie v e  t h i s  " d e s i r a b le "  
w o rld . I t  sh o u ld  n o t be a llo w ed  to  " d r i f t "  to  w hat c o u ld  be c o n s tru e d  to  
be a " p ro b a b le "  w o rld .
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The p la n  I s  developed  knowing th a t  th e  a re a  w i l l  end up as  w hat was 
d e sc r ib e d  in  C h ap te r 1 , a s  th e  " p r a c t i c a l "  w o rld . The p la n n in g  agency 
must a l s o  r e a l i z e  t h a t  th e  " p r a c t i c a l "  w orld  i s  n o t  a f ix e d  p o in t  in  th e  
fu tu r e ,  b u t an i d e n t i t y  t h a t  w i l l  n o t  be known u n t i l  i t  h a s  been  p a s t ,  
and th e  agency h a s  had enough tim e to  look  back . To t h i s  end th e  a u th o r  
w i l l  i d e n t i f y  th e s e  n eeds  and th e  methods u sed  to  a t t a i n  a p o r t io n  o f  them.
3 .2  In v e n to ry  P ro ced u res
The c u r r e n t  la n d  u se  p ro ced u re s  a re  dependen t on th e  s p e c i f i c  m e tro ­
p o l i t a n  a re a  u n d er s tu d y . Most a re a s  have a  m e tro p o li ta n  p la n n in g  agency 
and an in d iv id u a l  p la n n in g  d ep a rtm en t. These a g e n c ie s  and departm en ts  shou ld  
have c u r r e n t  lan d  u se  d e s c r ip t io n s  f o r  t h e i r  r e s p e c t iv e  a r e a s .
The problem  th e n  becomes j u s t  a m a tte r  o f  cod ing  t h i s  d a ta  in to  th e  
s t r u c tu r e  o f  th e s e  m odels . T h is , o f  c o u rse , depends on how d e t a i l e d  t h e i r  
in fo rm a tio n  i s  and how c u r r e n t .  The in fo rm a tio n  i s  p la c e d  in to  th e  SAU's as  
d isc u sse d  in  C h ap te r IV . The SAU's in  th e  v a l id a t io n  p o r t io n  o f  t h i s  model 
w ere sq u a re  m ile s  o r  m u l t ip le s  o f  sq u a re  m ile s  f o r  th e  r u r a l  c o u n try  (1 to  6 ) .  
T h is  method f i t t e d  o u r co d in g  system  and allow ed  f o r  e a sy  ad ju s tm en t fo r  
p r o je c t  la n d  u se  c h an g e s . T h is  was a l s o  th e  fo rm at u sed  by ACOG, who fu rn is h e d  
t h i s  d a ta .
A ssignm ent o f  p o p u la t io n ,  i n s t i t u t i o n a l  ( g e n e r a l ) ,  and com m ercial, was 
accom plished  u s in g  i n  t h i s  in s ta n c e ,  ACOG's in fo rm a tio n  and cen su s  d a ta .
I t  i s  im p o rta n t to  check  th a t  th e  p o p u la tio n  ass ig n m en t to  a l l  SAU's sums to  
th e  a c tu a l  p o p u la tio n  o f  th e  a r e a .  The s p e c ia l  la n d  u se  d a ta ,  such as 
h o s p i t a l s ,  e d u c a tio n a l  i n s t i t u t i o n s  and m i l i t a r y  i n s t a l l a t i o n s ,  w ere a c q u ire d  
from th e  so u rc e s  d e s c r ib e d  in  Appendix A (1 4 ).
A m ajo r p o r t io n  o f  t h i s  e f f o r t  shou ld  be s p e n t a l l o c a t in g  th e  em ployees
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by SIC codes to  each SAU. T h is  in fo rm a tio n  i s  a ls o  u s u a l ly  a v a i la b l e  a t  th e  
p la n n in g  a g e n c ie s .  I t  i s  obvious t h a t  t h i s  p ro ced u re  i s  s t r a ig h t f o r w a r d  
and can be accom plished  by fo llo w in g  th e  p ro c e d u re s  o u t l in e d  in  C h ap te r I I  
and Appendix A (1 4 ) .
3 ,3  Land Use P r o je c t io n s
The p r o je c t io n  o f  la n d  u se  i s  a key  in p u t  to  any s tu d y . T here a re  
re a so n a b le  m ethods f o r  p r o je c t in g  p o p u la t io n ,  c o m m e rc ia liz a tio n , i n d u s t r i a l i ­
z a t io n ,  and l i f e  s t y l e s ,  b u t i f  i t  can n o t be p la c e d  w ith  any d eg ree  o f  
a c c u ra c y , th e n  th e  w hole p ro c e s s  h as  l o s t  m ost o f  i t s  v a lu e . One c o u ld  d e p ic t  
th e  t o t a l  n eeds  o f  th e  a r e a ,  b u t  o p tim iz in g  s o u rc e s ,  n e tw o rk s , o r  f a c i l i t i e s  
w ould be im p o s s ib le .  T h e re fo re , one m ust expend h i s  b e s t  e f f o r t s  tow ards th e  
accom plishm ent o f  t h i s  g o a l .
T here a p p e a r to  be s e v e ra l  good and re a so n a b le  te c h n iq u e s  u sed  f o r  th e  
accom plishm ent o f  t h i s  g o a l .  The m ethods we found m ost p r a c t i c a l  i n  our 
re s e a rc h  a re  p re s e n te d  below . I t  m ust be remembered t h a t  th e  p u rp o se  o f  
t h i s  s te p  i s  to  ta k e  th e  d e s i r e d  g o a ls  and l i f e  s t y l e s  and p r o j e c t  t h i s  a re a  
in t o  th e  b e s t  " d e s i r e d "  w orld  t h a t  can  be  v is u a l iz e d  by th e  co n ce rn ed  a g e n c ie s .  
T h is  can and i s  b e in g  accom plished  in  many w ays. Some a g e n c ie s  have  even 
been accused  o f  " p la y in g  God" o r  to  th e  o th e r  ex trem e o f  b u i ld in g  to  enhance 
" v e s te d  i n t e r e s t " .  The b e s t  approach  i s ,  a s  a lw ay s , to  a c h ie v e  th e  m ost 
good f o r  th e  m ost p e o p le , w h ile  m in im iz ing  th e  in co n v en ien c e  and  m axim izing 
th e  v a lu e s .
3 .3 ,1  P r o f e s s io n a l  P la n n e r  Method
The p r o je c te d  lan d  u se  and p o p u la t io n  d i s t r i b u t i o n  u sed  i n  th e  v a l id a t i o n  
o f  t h i s  model w ere  a c q u ire d  by th e  fo llo w in g  m ethod. The p r o f e s s io n a l  agency 
was th e  A s s o c ia t io n  o f  C e n tra l  Oklahoma Governments (ACOG) P la n n in g  D epartm en t.
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The method b a s i c a l ly  i s  to  p ro v id e  th e  in c re m e n ta l p o p u la tio n  in c r e a s e s  
f o r  th e  v a r io u s  l i f e  s ty l e s  and a llo w  th e  p r o f e s s io n a l  s t a f f  o f  th e  agency 
to  a l l o c a t e  t h i s  p o p u la tio n  and i t s  c o rre sp o n d in g  new and changed la n d  u se s  
to  th e  s tu d y  a r e a .  T here a r e  many ad v an tag es  to  t h i s  m ethod, th e  g r e a t e s t  
one b e in g  th a t  th e  s t a f f  h a s  "grown" w ith  th e  a re a  and i s  f a m i l i a r  w ith  i t s  
t re n d s  and p o l i t i c a l  n a tu r e .  They a l s o  a r e  w e ll  a c q u a in te d  w ith  th e  s o c io ­
economic p a t t e r n s  and t h e i r  r a m i f ic a t io n s .
T h is  method sh o u ld  g iv e  a  more r e a l i s t i c  view  o f  th e  f u tu r e  to  th e  
s tu d y  a r e a ,  s in c e  th e  a re a s  t h a t  a r e  more l i k e l y  to  develop  a r e  g iv e n  th e  
h ig h e r  p r i o r i t i e s .  The d e s i r e s  o f  d e v e lo p e rs  and p o l i t i c a l  i n t e r e s t  groups 
a re  c l e a r e r  and can  be b e t t e r  e v a lu a te d  by t h i s  agen cy . The p la n n e rs  a re  
a l s o  f a m i l i a r  w ith  o th e r  n e tw orks and system s o f  th e  re g io n  ( t r a n s p o r t a t i o n ,  
a i r  p o l l u t i o n ,  h o u s in g , e t c . )  and h av e  a " f e e l "  f o r  th e  e f f e c t  t h a t  c e r t a i n  
m o d if ic a t io n s  o f  e x i s t i n g  and d e v e lo p in g  lan d  u se  p a t t e r n s  w i l l  have on them . 
These system s and n e tw orks a l s o  c a n , and u s u a l ly  do , p ro v id e  r e a l  and uncon­
t r o l l a b l e  c o n s t r a i n t s  to  th e  grow th p a t t e r n s .
The d is a d v a n ta g e s  o f  t h i s  method a r e  a l s o  q u i t e  d i s t i n c t  and c a n , in  
many in s ta n c e s ,  exceed  th e  a d v a n ta g e s . The m ost obv ious one i s  c r e a te d  by th e  
very  n a tu r e  u n d er w hich th e s e  p la n n in g  a g e n c ie s  a re  u s u a l ly  o rg a n iz e d . Many 
o f th e  p la n n in g  a g e n c ie s ,  such a s  ACOG, w ere o rg a n iz e d  to  f u l f i l l  f e d e r a l  
re q u ire m en ts  u n d e r th e  O f f ic e  o f  Management and Budget C i r c u la r  A -95, u s in g  
th e  e n a b lin g  s t a t u t e s  o f  th e  P u b lic  A u th o r ity  A ct and th e  In te rg o v e rn m e n ta l 
C o o p era tio n  A c t. The e n a b lin g  s t a t u t e s  a llo w  th e  o rg a n iz a t io n  o f  th e  COG's 
(C o a l i t io n  o f  G overnm ents), b u t  th e  C ir c u la r  r e q u ir e s  t h a t  f e d e r a l  a id  
a p p l ic a t io n s  f o r  o v e r  one hundred  f e d e r a l  a s s i s ta n c e  p rogram s, and m ost 
f e d e ra l  developm ent p r o j e c t s ,  m ust be su b m itted  th ro u g h  th e  d e s ig n a te d
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m e tro p o li ta n  c le a r in g h o u s e s ,  ACOG in  t h i s  c a s e .  A lthough i t  was th e  i n t e n t  
o f  t h i s  l e g i s l a t i o n  to  en cou rage  in te rg o v e rn m e n ta l c o o p e ra tio n  f o r  f u l l  
u t i l i z a t i o n  o f  lo c a l  r e s o u rc e s ,  th e  p o l i t i c a l  r e s u l t s  a r e  n o t  alw ays i d e a l i s t i c  
i n  n a tu r e .  Each p o l i t i c a l  i d e n t i t y  i s  fo rc e d  to  jo in  i n  o rd e r  to  r e c e iv e  
f e d e r a l  a id  upon w hich i t  h a s  become d ep en d en t. Each w ith  i t s  own " g o a ls ” 
and " d e s i r e s " ,  w hich a r e  n o t  alw ays c o m p a tib le , i s  r e q u ir e d  to  form and 
su p p o rt y e t  a n o th e r  p o l i t i c a l  o rg a n iz a t io n  th a t  w i l l  develop  new g o a ls  
and a  " d e s ir e d  w o rld "  w hich i s  u s a l l y ,  to  some d eg ree  anyway, i n  c o n f l i c t  
w ith  th e  in d iv id u a l  m em ber's v ie w s. The l a r g e s t  c o n f l i c t  i s  g e n e ra l ly  betw een 
th e  COG and th e  l a r g e s t  p o l i t i c a l  j u r i s d i c t i o n  o f  t h a t  g ro u p , who h a s  th e  
g r e a t e s t  n eed s  and p o p u la t io n .
I t  i s  t h i s  b u i l t - i n  p o l i t i c a l  s t r i f e  t h a t  le a d s  a  m e tro p o li ta n  p la n n in g  
agency to  d e f in e  i t s  " d e s i r a b le  w o rld "  a g a in s t  th o se  o f  member p o l i t i c a l  
j u r i s d i c t i o n s  w hich a r e  in co n q > atib le . T h is  i s  a l s o  t r u e ,  o n ly  in  r e v e r s e ,  
i f  a  la rg e  p o l i t i c a l  j u r i s d i c t i o n  and i t s  own p la n n in g  agency a r e  d e v e lo p in g  
a  p la n  o f  t h e i r  own.
When th e  COG's o r  th e  p la n n in g  a re a  and a l l  o f  i t s  members s t a r t  p u l l in g  
to g e th e r ,  by gaming th e  a l t e r n a t i v e s ,  and s t a r t  s t r i v i n g  f o r  a  common " d e s i r e d  
w o r ld ,"  th e n , and o n ly  th e n ,  w i l l  t h i s  d isa d v a n ta g e  be r e s o lv e d .
T here a r e  o th e r  d is a d v a n ta g e s ,  m ain ly  from an a n a ly s i s  s ta n d p o in t .  In  
o th e r  w ords, w ith o u t com ple te  a n a l y s i s ,  th e  f u tu r e  la n d  u se  d ev e lo p ed  by 
th e  p la n n e rs  may n o t g iv e  optimum s o lu t io n s  to  a l l  o f  th e  o th e r  ne tw orks and 
system s o f  th e  a re a  u n d e r s tu d y . T h is  le a d s  to  y e t  o th e r  app ro ach es  f o r  
la n d  u se  f o r e c a s t in g .
3 .3 .2  A n a ly t ic a l  M ethods
The approach  u sed  h e re  i s  one i n  w hich an a n a ly s t  lo o k s  a t  th e  lo g i c a l
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approach  w ith o u t any knowledge o f  th e  a r e a .  The m ethods used  v a ry  g r e a t ly  
from one a n a ly s t  to  a n o th e r  b u t a r e  b a s i c a l l y  o p tim iz a tio n  in  n a tu r e .  The 
a n a ly s t  may w ant to  m inim ize t r a n s p o r ta t io n  c o s ts  a n d /o r  ad v e rse  e n v iro n ­
m en ta l e f f e c t s .  He may a l s o  have as  a  g o a l to  maxim ize socio-econom ic 
m ixing  o f  m in o r i ty  g roups w ith  th e  s tu d y  a r e a .
The a n a ly s t  w i l l  ta k e  an o p tim iz a tio n  te c h n iq u e  to  ach iev e  th e  p la n  
w ith in  th e  c o n s t r a in t s  o f  th e  g iven  g o a ls .  The more com prehensive th e  
g o a ls  a r e ,  th e  more co m p lica ted  t h i s  approach  becom es. When a  w a te r  and 
sew er p la n  i s  th e  d e s i r e d  r e s u l t  o f  h i s  w ork, th e  a n a ly s t  may be w orking 
on ly  w ith  th e  maximium u t i l i z a t i o n  o f  th e  re s o u rc e s  and e x i s t in g  f a c i l i t i e s  
and m in im iz in g  c o s ts  to  p ro v id e  th e  f u tu r e  re q u ire m e n ts .
Even when u s in g  th e  b e s t  in t e n t io n s  and c u r r e n t  knowledge ab o u t lan d  
u se  p la n n in g , th e  a n a ly s t  r a r e ly  a c h ie v e s  a  p la n  th a t  i s  a c c e p ta b le  to  th e  
e n t i r e  a r e a .  He h as  no way o f  knowing th e  f u l l  r a m if ic a t io n s  o f  " h is  p la n " .  
An a n a ly s t  can  f a l l  in to  th e  t r a p  o f  " p la y in g  God" f o r  th e  f u l f i l lm e n t  o f  
th e  o p tim a l g o a l o f  d o l l a r s  and c e n t s .  T h is  happened w ith  th e  t r a n s p o r ta t io n  
system s when freew ays w ere a llow ed  to  d iv id e ,  d i s p la c e ,  and o th e rw ise  c r e a te  
s e v e re  h a rd s h ip s  on p e o p le  f o r  th e  r a p id  movement o f  a u to m o b ile s .
The so c io -econom ic  and lo n g -te rm  e f f e c t s  o f  t h i s  te c h n iq u e  w ere slow  
in  b e in g  r e a l i z e d .  However, i t  h as  become in c r e a s in g ly  c l e a r  t h a t  t h i s  
te ch n iq u e  does n o t  p roduce  a  com prehensive p la n  w ith o u t " lo c a l  knowledge" 
b e in g  one o f  th e  in p u t s .  The a n a ly s t  who u s u a l ly  comes in to  th e  a re a  f o r  
t h i s  Job o n ly  does n o t  have to  p roduce a p la n  t h a t  h e  i s  th en  r e q u ire d  to  
defend  d a i ly  o r  to  " l i v e  w ith " .
I t  a l s o  becomes d i f f i c u l t  f o r  th e  e x i s t in g  lo c a l  a g e n c ie s  to  up d a te  o r  
a l t e r  t h i s  p la n .  The te c h n iq u e s  used  a re  u s u a l ly  h ig h ly  te c h n ic a l  and com pli­
c a te d .  The s t a f f s  o f  th e s e  lo c a l  a g e n c ie s  do n o t  a lw ays have th e  q u a l i f i e d
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p e rso n n e l to  c a r ry  th e s e  te c h n iq u e s  fo rw ard  in  tim e .
3 .3 .3  A n a ly s t -  P la n n e r  Approach
I t  h a s  become obvious t h a t  o f  th e  f i r s t  two app ro ach es p re s e n te d ,  a 
com b in atio n  o f  th e  two w i l l  p roduce b e t t e r  r e s u l t s  th a n  e i t h e r  one in d iv id u a l ly .  
I d e a l ly ,  th e  p la n n in g  agency would have a s  an  i n t e g r a l  p a r t  o f  i t s  s t a f f  
an  a n a ly s t  and th e  to o l s  t h a t  he  would need  to  do h i s  jo b . Then th e  o p tim i­
z a t io n  can  be ach iev ed  w here th e  "knowledge o f  th e  a re a "  can  be u sed  as  
one o f  th e  c o n s t r a i n t s .
T h is m ethod i s  b a s i c a l l y  a "gaming te c h n iq u e " . The a n a ly s t  w i l l  
e s t a b l i s h  j o i n t l y  w ith  th e  p la n n e r  th e  g o a ls  and c o n s t r a in t s  to  be u sed  and 
th e n  develop  a  p la n  tow ard  t h e i r  f u l f i l lm e n t .  The p la n n e r  and a n a ly s t  w i l l  
th e n  look  a t  t h i s  p la n  and i t s  r e s u l t a n t  e f f e c t s  on th e  s tu d y  a r e a ,  and th en  
to  th e  b e s t  o f  t h e i r  a b i l i t y  d e r iv e  a s o lu t io n  by gaming s e v e ra l  a l t e r n a t i v e s  
f o r  th e  ach ievem en t o f  a  s o lu t io n  th a t  w i l l  s e rv e  th e  a r e a  and i t s  d e s i r e d  
g o a ls .
The ad v an tag e  o f  t h i s  approach  i s  th e  em phasis o f  b o th  th e  " in s id e "  and 
" o u ts id e "  in p u ts  to  th e  p la n ,  w h ich , i d e a l l y ,  sh o u ld  p roduce  a  more com pre­
h e n s iv e  ach ievem en t o f  th e  " d e s ir e d  w o rld " .
3 .3 .4  "H ard-C ore" M ath em atica l M odeling
Land u se  f o r e c a s t in g  by t h i s  te ch n iq u e  i s  b e in g  u sed  in  many o f  th e  
m e tro p o li ta n  a r e a s .  The m odels a re  u s u a l ly  developed  by th e  a g e n c ie s  th e m se lv e s . 
T h is  i s  a  m a jo r d e c is io n  when th e  p la n n in g  agency s t a r t s  to  develop  i t s  own 
la n d  u se  m odel, s in c e  th e  p e rso n n e l and c o n ^ u te r  hardw are re q u ire d  a r e  s i g n i f i ­
c a n t  b udget i te m s .
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T here  a r e  many d i f f e r e n t  m odels i n  u se  a t  th e  p r e s e n t  tim e . M ost, such 
a s  th e  one developed  f o r  th e  San F ra n c is c o  a r e a ,  a re  v e ry  s o p h is t ic a te d  in  
scope (1 7 ) . They n o t o n ly  acco u n t f o r  e v e ry  p a r c e l  o f  la n d  in  th e  s tu d y  
a r e a ,  b u t have  w ide and v a r ie d  a s s o r tm e n ts  o f  a lg o ri th m s  f o r  e v a lu a t in g  
each p ie c e  o f  la n d  and i t s  f u tu r e  u s e .  The a c tu a l  ru n s  a re  b o th  tim e con­
suming and e x p e n s iv e . Models o f  t h i s  n a tu r e ,  a lth o u g h  th ey  do have a  
s p e c i f i c  p u rp o s e , a r e  n o t  good g e n e ra l  p la n n in g  m odels.
They c r e a t e  trem endous re q u ire m e n ts  i n  d a ta  acc u m u la tio n s  and management, 
s in c e  th e  d a ta  m ust be  k e p t u p d a ted  and e d i t e d .  I f  a  m e tro p o li ta n  a re a  
d e c id e s  on a  p a r t i c u l a r  m odel, th e n  i t  d i c t a t e s  w hat d a ta  a r e  to  be accum ula ted , 
w hich in  tu r n  l i m i t s  th e  m odeling  c a p a b i l i t i e s .
T here a r e  o th e r  d isa d v a n ta g e s  to  u s in g  d e t a i l e d  la n d  u s e  m ode ls . One i s  
t h a t  th e s e  m odels a r e  so  ex p en siv e  to  ru n  and i n t e p r e t  t h a t  b u d g e t a llo w an ces  
may r e s t r i c t  th e  number o f  runs t h a t  can  be made by th e  agency . I t  co u ld  th en  
become " s tu c k "  w ith  one o r  two a l t e r n a t i v e s  and be fo rc e d  to  u s e  one o f  them 
w ith o u t b e in g  a b le  to  in v e s t ig a t e  any o f  th e  o th e r  f u tu r e  w o rld s  i t  w ould 
l i k e  t o .
A no ther d isa d v a n ta g e  o f  t h i s  te c h n iq u e  i s  th a t  v e ry  few o f  th e  p e o p le  
t h a t  make th e  d e c is io n s  can  com prehend th e  in te r - ^ o r k in g s  o f  th e s e  m odels 
and a r e  r e q u ir e d  to  w a it  f o r  i n t e r p r e t a t i o n s  by h ig h ly  s k i l l e d  p e rs o n n e l.
I f  th e y  have a  s p e c i f i c  q u e s tio n  ab o u t a  la n d  u se  ch an g e , th e y  som etim es 
need  to  w a it  days f o r  an answ er.
What i s  r e a l l y  needed  i s  a  g e n e ra l  m a th em a tica l m odel t h a t  h a s  v e ry  
s h o r t  tu rn  a round  (15 m in u tes  o r  l e s s ) ,  l im i te d  d a ta  re q u ire m e n ts , and can  
e a s i l y  be i n t e r p r e t e d .  A model t h a t  th e  u s e r  a g e n c ie s  co u ld  u s e  to  "game" 
a l t e r n a t i v e s  and q u ic k ly  e v a lu a te  th e  r e s u l t s  would be an  a s s e t  to  them.
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A model o f  t h i s  ty p e  I s  c u r r e n t ly  u n d e r  I n v e s t ig a t io n  a t  th e  U n iv e r s i ty  
o f  Oklahoma. T h is  model u s e s  th e  n e lÿ ib o rh o o d  a s  th e  b a s ic  la n d  p a r c e l .
I t  d iv id e s  th e  c i t y  I n to  e x i s t in g  n e ig h b o rh o o d s o f  d i f f e r e n t  c l a s s i f i c a t i o n s .
I t  th e n  ta k e s  th e s e  n e ighbo rhoods and f o r e c a s t s  them i n t o  th e  f u tu r e  by 
f iv e  y e a r  in c re m e n ts . These n e ig h b o rh o o d s , w ith  t h e i r  lan d  u s e s ,  have  been 
a l t e r e d  by th e  a lg o ri th m s  deve lo p ed  f o r  each  c l a s s i f i c a t i o n .
The p o p u la t io n  model h a s  been  programmed to  f i l e  i n  a  m a tr ix  th e  d e l t a  
I n c re a s e s  In  p o p u la t io n  f o r  each  in c re m e n t. These d e l t a  In c re a s e s  a r e  p a r t i a l l y  
a l lo c a t e d  to  th e  changes In  th e  o ld  n e ig h b o rh o o d s . The rem ain d er a r e  d iv id e d  
by t h e i r  so c io -e c o n o m ic a l c h a r a c t e r i s t i c s  i n t o  new neighborhood  re q u ire m e n ts  
w hich have  to  be d ev e lo p ed . The p la n n e r  th e n  can  p la c e  th e s e  neighborhoods 
i n  s e v e ra l  a l t e r n a t i v e  a rran g em en ts . He can  th e n  d e te rm in e  by "gam ing 
te c h n iq u e s "  th e  " d e s i r e d  w o rld " .
The d a ta  t h a t  a l l  th e s e  d i f f e r e n t  m odeling  te c h n iq u e s  dev elo p  can  be 
u sed  i n  t h i s  p a r t i c u l a r  m odel. S in c e  t h i s  p o r t io n  o f  th e  model i s  so 
c r i t i c a l ,  th e  a s s o r te d  te c h n iq u e s  and t h e i r  in h e re n t  q u a l i t i e s  a r e  e x p la in e d  
below .
3 .4  Land Use V a lid a t io n
T h is  a r e a  o f  f o r e c a s t in g  can n o t be v a l id a te d  ex ce p t by tim e . The t r u e  
p u rp o se  o f  la n d  u s e  f o r e c a s t in g  i s  to  ta k e  th e  g o a ls  and d e s i r e d  l i f e  s t y l e s  
and p la c e  them i n t o  a  la n d  u se  scheme t h a t  w i l l  p roduce t h i s  " d e s i r e d  w o rld " .
I t  i s  th e  e s ta b l is h m e n t o f  th e  w o rld  we w ould l i k e  to  a c h ie v e . I t  m ust be 
o b ta in a b le  u n d er optimum c o n d i t io n s .  H ie " r e a l i s t i c  w o r ld " , th e  one w hich 
w i l l  a c t u a l l y  be reach ed  by com prom ise, i s  th e  one th a t  w i l l  be a c h ie v e d . By 
m in im iz ing  th e  d i f f e r e n c e ,  we v a l id a te  th e  p la n .
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The v a l id a t io n  o f  a  p ro c e s s  i s  i n  a  s e n se  p o s s i b le ,  o r  a t  l e a s t  im p lie d , 
by v i r t u e  o f  a  schem e, such a s  th e  one we h av e  p r e s e n te d .  S e v e ra l ap p ro a c h e s , 
a s  i n  S e c tio n  3 .3 ,  a r e  u s e d , and by s t a r t i n g  w ith  d i f f e r e n t  a ssu m p tio n s , we 
can a r r iv e  a t  common o r  "p r a c t i c a l  o b ta in a b le  g o a ls ” .
3 .5  D ata  L evel Theory
The lan d  u se  a ss ig n m e n ts  o u t l in e d  in  C h ap te r I I I  can  b e  summarized In
term s o f  fo u r  l e v e l s .
I  A v a ila b le  a n a ly s t s  and d a ta  w hich can  be a c q u ire d  th ro u g h  a v a i la b le  
l i t e r a t u r e .
I I  The a n a ly s t ,  w ork ing  w ith  p r o f e s s io n a l  l i t e r a t u r e ,  a t te m p tin g  to  g e t  
b e t t e r  o r  more r e a l i s t i c  v a lu e s .
I l l  S h i f t in g  th e  d a ta  c o n t r o l  to  t h a t  o f  th e  p la n n e r  from  t h a t  o f  th e  a n a ly s t .
IV F in a l ly ,  u s in g  eco n o m etric  m odels to  dev elo p  d a ta .
In  t h i s  p r o j e c t ,  i n t e r s t i t i a l  m o d e lin g , o r  gaming b r in g s  th e s e  fo u r  l e v e l s




4 .1  In tro d u c t io n
T h is  c h a p te r  d e a ls  w ith  th e  developm ent o f  th e  Demand Sub-M odel. Taking 
th e  c u r r e n t  and p ro je c te d  d a ta  t h a t  w ere accum ula ted  (C h ap te rs  I I  and I I I ) ,  t h i s  
model c a lc u la te s  th e  a c tu a l  w a te r  demands and sewage o u tp u t f o r  th e  s tu d y  
re g io n  by s e le c te d  a re a s  and to p i c s .
The model u s e s  s e le c te d  te c h n ic a l  c o e f f i c i e n t s  t h a t  w ere developed  
(C h ap te r I I )  o r  a c q u ire d  from  o th e r  s tu d ie s  ( s e e  R efe ren ces  18, 19, 2 0 ) .
These c o e f f i c i e n t s  a r e  th e n  a p p l ie d  to  th e  d a ta  f i l e s  to  a c q u ire  th e  w a te r  
and sew er o u tp u ts .  The model I s  one o f  th e  f i n a l  s te p s  tow ard th e  developm ent 
o f  th e  w a te r  and sew er p la n  f o r  th e  re g io n .  I t  g iv e s  n o t  o n ly  th e  fu tu r e  
req u ire m en ts  o f  th e  s tu d y  a r e a ,  b u t a l s o  th e  In c rem en ta l I n c re a s e s  th e s e  a re a s  
h av e . T h is a llo w s  th e  u s e r  to  s e e  th e  a c tu a l  I n c re a s e  th a t  th e  e x i s t in g  
sy stem  can  h a n d le  o r  th e  amount a t  w hich th e  system  w i l l  be o v e r c a p a c i ta te d  
I f  I t  I s  a lre a d y  a t  o r  n e a r  c a p a c i ty .  A pply ing  t h i s  m odel, th e  u s e r  can  
g a in  an  ad eq u a te  p e r s p e c t iv e  o f  th e  w a te r  and sew er n e tw ork .
4 .2  Model D e s c r ip tio n
The demand sub-m odel p o r t io n  o f  t h i s  s tu d y  I s  th e  m ost demanding o f  a l l  
th e  p rogram s. A lthough th e  program  I s  n o t  ex tre m e ly  co m p lic a te d , th e  d a ta  
req u ire m en ts  a r e  r a th e r  te d io u s .  The g r e a t e s t  p o r t io n  o f  th e  In v e n to ry  
and a n a ly s i s  c h a p te r  (C h ap te r I I )  was d i r e c te d  to  a c q u ir in g  th e  d a ta  and p ro ­
je c te d  d a ta  fo r  ru n n in g  t h i s  p a r t i c u l a r  program .
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T his program , a s  i n  th e  p re v io u s  sub-m odels, h a s  a g r e a t  d e a l o f  f l e x i ­
b i l i t y  b u i l t  in to  th e  r o u t in e s .  The developm ent o f  program s t h a t  g iv e  th e  
u s e r  t h i s  d eg ree  o f  f l e x i b i l i t y  i s  tim e consuming b u t ex trem ely  rew ard in g .
The f a c t  t h a t  a  p la n n in g  agency can  e a s i l y  e x p lo re  a l l  f a c e ts  o f  th e  p o s s ib le  
w orld  w ith o u t going th ro u g h  g r e a t  d a ta  changes o r  even rep rog ram ing , and 
s t i l l  have a  com prehensive model i s  adv an tag eo u s.
The model w i l l  n o t  o n ly  g iv e  th e  w a te r  and sewage req u irem en ts  f o r  any 
p a r t i c u l a r  s tu d y  y e a r ,  b u t ,  by u s in g  th e  sub-m odel DELTA, a  new d a ta  f i l e  
can  be c r e a te d  th a t  w i l l  g iv e  an in c re m e n ta l change in  th e  req u ire m en ts  
from one s tu d y  p e r io d  to  a n o th e r .  T h is , co u p led  w ith  good e d i t in g  s u b - r o u t in e s ,  
g iv e s  th e  agency th e  c a p a b i l i t y  o f  lo o k in g  a t  any s i z e  o r  p a r t i c u l a r  a re a  by 
s tu d y  y e a rs  a n d /o r  in c re m e n ta l ch an g es.
4 .2 .1  Model Concept
The demand sub-m odel i s  an a p p l ic a t io n  o f  te c h n ic a l  c o e f f i c i e n t s  to  
d e r iv e  th e  w a te r  and sewage req u ire m en ts  and th e  acc o u n tin g  o f  th e se  r e q u i r e ­
m ents to  th e  d i f f e r e n t  s tu d y  a re a s  f o r  o u tp u t .  T h is  i s  an o v er s im p l i f i c a t io n ,  
o f  c o u rs e , b u t  i t  i s  th e  b a s ic  co n ce p t beh in d  th e  m odel.
The d a ta  i s  s u p p lie d  to  th e  model f o r  each s t a t i s t i c a l  a n a ly s i s  u n i t  
(SAU). These SAU's w ere s e le c te d  a s  one sq u a re  m ile  a r e a s .  T h is  i s  made 
p o s s ib le  by th e  m ethods o f  su rv e y in g  u sed  in  t h i s  s t a t e ,  b u t th e  model does 
n o t  r e q u ire  t h a t  th e se  a re a s  be one sq u a re  m ile . Any system  can  be u sed  
th a t  w i l l  r e q u ir e  s ix  n u m e ric a l d i g i t s  and acco u n t f o r  a l l  th e  a re a s  i n  th e  
s tu d y  re g io n . The SAU's need  to  be k e p t i n  th e  s i z e  th a t  app rox im ates  a 
sq u a re  m ile ,  b u t  n o t more th a n  two o r  th r e e  sq u a re  m ile s .  The SAU's can  be 
as  sm all as  needed f o r  th e  ty p e  o f  d e t a i l  w anted .
The r u r a l  a re a s  can  be  l a r g e r ,  b u t  i f  developm ent i s  a  p o s s i b i l i t y
35
w ith in  th e  tim e fram e o f  th e  s tu d y , th ey  sh o u ld  be red u ced  to  th e  s iz e  
th a t  th e y  w i l l  be a f t e r  developm ent. The tim e  s p e n t by a  p la n n in g  agency 
cod ing  th e  SAU's in  t h e i r  s tu d y  a r e a  w i l l  be w o rth w h ile , i f  i t  i s  co m p a tib le  
w ith  a l l  o th e r  boundary a re a s  u sed  i n  t h i s  program  ( i . e .  p o l i t i c a l  j u r i s ­
d ic t io n ,  w a te rsh e d , e t c . ) .  I t  i s  su g g es ted  t h a t  a map be u sed  th a t  h as  th e  
o th e r  b o u n d a rie s  on i t  ( in c lu d in g  census t r a c t s ,  a lth o u g h  th e y  have a 
bad h a b i t  o f  n o t  b e in g  conducive  to  any o th e r  s tu d y  b u t t h e i r  own) and SAU's 
be made u s in g  th e s e  b o u n d a rie s  a s  much as p o s s ib le .  T h is  w i l l  a llo w  b e t t e r  
a n a ly s is  o f  th e  o u tp u t r e s u l t s .
The cod ing  o f  th e  o th e r  a re a s  i s  accom plished  much in  th e  same fa s h io n . 
The o th e r  a re a s  a r e  as  fo llo w s :
1 . P o l i t i c a l  j u r i s d i s t i o n
2 . W atershed
3 . W ater tr e a tm e n t p la n t
4 . S to ra g e  system
5. W aste tre a tm e n t p la n t
6 . R ece iv in g  s tream
7. W ater so u rce
I t  i s  su g g e s te d  th a t  a l l  a re a s  ex ce p t w a te rsh e d  and r e c e iv in g  s tream  
be coded n u m e ric a lly  in  sequence . In  o th e r  w ords, s t a r t  w ith  one and nu m eri­
c a l l y  a l l o c a t e  each  su ccee d in g  number o f  each  a re a  t i l l  th e y  a r e  a l l  acco u n ted  
f o r .  Each new p la n t  o r  j u r i s d i c t i o n  w i l l  be a s s ig n e d  th e  n e x t number in  
i t s  a r e a .  These numbers o f  th e  a r e a  members a r e  needed to  s e t  th e  "Do Loops" 
w ith in  th e  m odel. T h is  w i l l  a l s o  p re v e n t th e  program  from  h a n d lin g  la rg e  
m a tr ic e s  t h a t  have many z e ro s  i n  t h e i r  s t r u c t u r e .
The co d in g  o f  th e  s tream s and w a te rsh ed s  can  b e s t  be accom plished  by
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u s in g  th e  fo llo w in g  scheme:
□  T rea tm en t P la n t
F ig u re  4 -1 .  The Coding o f  S tream s and W atersheds
T h is  would be  w a te rsh e d  1 and th e  p l a n t  i s  on r e c e iv in g  s tre a m  13.
The demand sub-m odel a l s o  h as  th e  c a p a b i l i ty  o f  lo o k in g  a t  s e v e ra l  
s p e c ia l  a re a s  made up o f  s e le c te d  SAU's in d e p e n d e n tly  o r  w ith  th e  g e n e ra l 
s tu d y . T h is  a llo w s  th e  u s e r  to  game s e v e r a l  a l t e r n a t i v e s  a t  one tim e  to  
se e  w hich s p e c ia l  a re a  i s  more s u i te d  f o r  c e r t a i n  g o a ls  o r  o b je c t iv e s .
The sub-m odel a l s o  h as  th e  c a p a b i l i t y  o f  h a n d lin g  s p e c ia l  u s e r s  o f 
w a te r .  These a re  th e  u s e r s  t h a t  f i t  i n  one o f  th e  29 ass ig n m en t a re a s  (such  
a s  SIC 2 4 ) , b u t does n o t  have  w a te r  u sag e  t h a t  f i t s  th e  l i n e a r  e q u a tio n  f o r  
com puting i t .  These a re a s  can  be h a n d le d  in d iv id u a l ly  and t h i s  w i l l  r e l i e v e  
th e  model o f  co m p lic a te d  fu n c t io n s  f o r  w a te r  u sage  o r  spwage r e tu r n  flow .
These a r e  th e  b a s ic  sub-m odel c o n c e p ts  and t h e i r  g e n e ra l  a p p l ic a t io n .  
The u se  o f  t h i s  model w i l l  g r e a t ly  red u ce  th e  p ro c e s s  o f  com puting  w a te r
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and sewage demands f o r  la rg e  m e tro p o li ta n  a r e a s .  I t  a l s o  a llo w s  th e  u s e r  a 
la rg e  d eg ree  o f  freedom  f o r  e x p lo r in g  th e  a l t e r n a t i v e s  f o r  th e  f u tu r e  w o rld s .
4 .2 .2  Model M ethodology
The demand sub-m odel I s  ru n  f o r  each  tim e In c rem en t w anted  by th e  s tu d y . 
F o r each run  a  d a ta  f i l e  o f  a l l  th e  In fo rm a tio n  d e s c r ib e d  In  S e c t io n  4 .5  
I s  n eeded . These d a ta  f i l e s  a r e  d u p lic a te d  as  f a r  a s  th e  a r e a  co d in g s  a r e  
c o n ce rn ed . The b ase  y e a r  (1970 f o r  t h i s  s tu d y )  c o n ta in s  th e  In v e n to ry  d a ta  
c o l le c te d  In  C h ap te r I I .
The d a ta  f l i e s  f o r  th e  f u tu r e  y e a rs  a r e  developed  from th e  p r o je c te d
d a ta .  These f i l e s  have  to  be  b u i l t  u s in g  th e  same a re a s  t h a t  e x i s t e d  In
th e  p re v io u s  f i l e s ,  b u t can  have  new SAU's In  a d d i t io n  to  th e  o ld  o n es .
The model w ith  a l l  o f  I t s  s u b ro u tin e s  I s  shown In  T ab les  4 -1  th ro u g h
4 -5 .  The model can  e a s i l y  be  fo llo w ed  by u s in g  th e s e  d iag ram s and th e  p ro ­
gram l i s t i n g s  In  S e c tio n  4 .5 .2 .  The o u tp u ts  a re  by th e  fo llo w in g  c a te g o r ie s :
A. W ater re q u ire m e n ts  by:
1 . P o l i t i c a l  J u r i s d i c t i o n
2 . S ource o f  su p p ly
3 . W ater tr e a tm e n t  p la n t
4 .  W ater s to r a g e  system
5 . S p e c ia l  a r e a
B. Sewage lo a d s  by:
1 . P o l i t i c a l  j u r i s d i c t i o n
2 . W atershed
3 . Sewage t r e a tm e n t p la n t
4 .  R ece iv in g  s tream
5. S p e c ia l  a re a
W ith each  c a te g o ry  b roken  down by;
1 . D om estic
2 . I n s t i t u t i o n a l  ( In c lu d in g  h o s p i t a l s ,  s c h o o ls  and m i l i t a r y  b a se s )
3 . Commercial
4 .  I n d u s t r i a l  by SIC code and s p e c ia l  u s e r  I r r i g a t i o n
The o u tp u ts  from  th e  above c a te g o r ie s  can  b e  s e le c te d  by u s in g  Card 6 o f  th e  
In p u t d a ta .
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TABLE 4-1 MAIN (DEMAND) Cont.
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TABLE 4-1 MAIN (DEMAND) Cont.
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TABLE 4-1 . MAIN (DEMAND) Cont.
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4 .3  D ata R equirem ents
The demand model I s  w r i t t e n  in  F o r tra n  IV f o r  th e  G eneral E l e c t r i c  
T im e-Sharing  System . The d a ta  from t h i s  system  w ere s to r e d  in  f i l e s ;  t h e r e ­
f o r e ,  th e  program  would have to  have m inor a l t e r a t i o n  f o r  o th e r  sy stem s.
The d a ta  req u ire m en ts  f o r  t h i s  system  a re  q u i t e  e x te n s iv e  and re q u ir e  
good d a ta  management to  keep i t  in  p ro p e r  o rd e r .  The d a ta  used  in  t h i s  model 
was n o t  th e  c o r r e c t  d a ta  from th e  AGOG a re a .  S p e c i f ic  d a ta  abo u t in d u s t r i e s  
by th e  S IC 's  code w ere n o t  a v a i la b le  w ith o u t e x te n s iv e  su rv ey  work w hich 
was n o t  funded and c o u ld  n o t  be accom plished  in  th e  framework o f  t h i s  s tu d y .
Some in d u s t r i a l  d a ta  w ere added f o r  v e r i f i c a t i o n  o f  th e  model and i t s  s u b - ro u t in e s ,  
The so u rce  and developm ent o f  th e  d a ta  f o r  t h i s  model a r e  e x p la in e d  in  
S e c tio n  4 . 3 . 1 , o f  t h i s  c h a p te r .
4 .3 .1  In p u t
A ll o f  th e  fo llo w in g  c a rd s  must be p re s e n te d  in  th e  o rd e r  shown. T h is  
d a ta  i s  shown in  th e  l i s t i n g  o f  th e  d a ta  f i l e  i n  S e c t io n  4 .4 .  The so u rces  
and fo rm ats  o f  th e  v a r io u s  c a rd s  a re  d e sc r ib e d  a s  fo llo w s :
Card 1, WATER SLOPE-INTERCEPT CARDS
There a re  28 o f  th e se  c a rd s ,  one f o r  each  c a te g o ry  o f  
u s e r ,  ex ce p t "d o m e s tic " , which i s  b u i l t  i n t o  th e  program .
The c a te g o r ie s  and f a c to r s  u sed  a r e  l i s t e d  a t  th e  end o f  
t h i s  s u b - s e c t io n .  The sequence o f  in p u t  by th e  c a te g o r ie s  
m ust be m a in ta in ed  th ro u g h o u t th e  in p u t .  T h e re fo re ,  i t  
s t a r t s  w ith  i n s t i t u t i o n a l  and ends w ith  SIC 10-17 , 4 0 -5 0 .
C o l. 1 - 6  S lope 
C o l. 7 - 8  B lank
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C ol. 9 - 1 4  I n te r c e p t  
R ig h t j u s t i f i e d  i n  f i e l d  o r  in c lu d e  decim al p o in t .  T h is  in p u t 
feed s  a l i n e a r  e q u a tio n  o f  th e  form
y = a  • t  +  b
w here "b" i s  th e  i n t e r c e p t  i n  g a l lo n s  p e r  u n i t  o f  in p u t  ( a c r e ,  
em ployee, h o s p i t a l  bed , e t c . ) ,  and "a"  i s  th e  s lo p e  in  g a l lo n s  
p e r  y e a r .  The s lo p e  p ro v id e s  a r a t e  o f  change in  w a te r  u se  fo r  
f u tu r e  y e a rs  and " t "  i s  th e  y e a rs  in t o  th e  f u tu r e  from th e  base  
y e a r  ( t= 0 ) .  Source was th e  B artone  S ta te  W ater Model (2 3 ) .
Card 2 , SEWAGE FLOW FACTORS
T here a re  29 o f  th e s e  c a rd s ,  one f o r  each  c a te g o ry  in  p ro p e r  
sequence . T h is i s  th e  p e rc e n t  o f  w a te r  u sed  by each c a te g o ry  th a t  
i s  r e tu rn e d  as  sew age. I t  i s  e x p re sse d  as th e  decim al e q u iv a le n t 
(99% = 0 .9 9 ) .  Source was same a s  Card 1.
C o l. 1 - 6  Flow (dec im al)
Card 3 , LABELS
These a re  th e  la b e ls  f o r  each  row o f  o u tp u t f o r  each s p e c i f i c  
s tu d y . I t  i s  in  th e  same sequence o rd e r  as th e  p re v io u s  c a rd s  w ith  
a few e x c e p tio n s .  The la b e l s  a r e  as  fo llo w s :
1. D om estic
2 . I n s t i t u t i o n a l  ( in c lu d in g  sequence o rd e r  2 ,5 ,6 ,7 )
3 . Commercial
4 .  I r r i g a t e d  land
5 . SIC 19
26. SIC 39
27. T o ta l a l l  S IC 's
28. T o ta l a l l  u s e r s
There a r e  a t o t a l  o f  28 c a rd s  w ith  th e  la b e ls  c e n te re d  in  columns 
1-16 .
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Card 4 , HEADINGS
T here a r e  e le v e n  h e a d in g s , one c a rd  e a c h , c e n te re d  in  columns
1-4 0 . The h e a d in g s  a r e  th e  t i t l e s  f o r  each  ty p e  o f  o u tp u t .  The 
h ead in g s  a re  a s  fo llo w s :
1 . W ater, by SAU
2 . W ater by p o l i t i c a l  j u r i s d i c t i o n
3. W ater by so u rce  o f  su p p ly
4 .  W ater by w a te r  t r e a tm e n t p la n t
5. W ater by s to ra g e  system
6. Sewage by SAU
7 . Sewage by p o l i t i c a l  j u r i s d i c t i o n
8 . Sewage by tre a tm e n t p la n t
9 . Sewage by r e c e iv in g  s tream
10. Sewage by w a te rsh ed
11. Thousand o f  g a l lo n s  p e r  day
Card e le v e n  I s  th e  way th e  model I s  g ea re d  f o r  o u tp u t .
Card 5 , YEAR AND TYPE OF STUDY
C ol. 1 - 4  Y ear o f  s tu d y
C o l. 5 B lank
C o l. 6 Type, w here ty p e  I s :  "1"  f o r  s p e c ia l  a re a s  only
"2 "  f o r  g e n e ra l s tu d y
” 3” f o r  b o th  s tu d ie s
C o l. 7 B lank
C o l. 8 - 1 1  Y ear o f  e a r l i e r  s tu d y  I f  th e  d a ta  f i l e  I s  a
" d if f e r e n c e "  o r  In c re m e n ta l f i l e .  T hat I s ,  as 
shown In  S e c t io n  4 .6  (1 9 90-1970), th e s e  columns 
a re  l e f t  b la n k  I f  on ly  a  one y e a r  s tu d y  I s  
b e in g  ru n .
Card 6 , OUTPUT CONTROL CARD
T his c a rd  c o n t r o l s  th e  o u tp u t by th e  la b e ls  a s  g iv en  In  Card
4 . By p la c in g  a "1" In  th e  p ro p e r  o u tp u t column, th e  program  w i l l  
p r i n t  t h i s  o u tp u t f o r  t h a t  l a b e l .  A "0"  In  th a t  column d e le te s  
th a t  o u tp u t .  The d a ta  I s  r i g h t  j u s t i f i e d .
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Sequence
N o C ategory
SAMPLE LISTING
W ater Use Sewage Factor *
1 Domestic (32 +  ,01 pop) + 1 /2  g a l/y r .70
2 Institu tional (general) 1000 g a l/a c re /d o y .70
3 Comm ercial 1680 g o l/o c re /d o y .70
4 Irrigated  land 870 g a l/a c re /d o y .0 0
5 C ollege 95 g a l/s tu d e n t/d a y  + 1 g a l /y r .7 0
6 Hospital 192 g a l/bec[/day  + 1 /2  g a l/y r .70
7 M ilitary 151 g a l /c a p /d a y  + 1 /2  g a l /y r .70
8 SIC 19 204 g a l/em p lo y ee /d ay .94
9 SIC 20 1400 g / e /d .91
10 SIC 21 168 g / e /d .6 7
11 SIC 22 644 g / e / d .91
12 SIC 23 60 g / e /d .9 4
13 SIC 24 904 g / e / d .82
14 SIC 25 79 g / e /d .9 4
15 SIC 26 9762 g / e /d .9 4
16 SIC 27 260 g /e /d .94
17 SIC 28 14584 g / e /d .94
18 SIC 29 25157 g / e /d .94
19 SIC 30 1130 g /e /d .95
20 SIC 31 215 g / e /d .9 4
21 SIC 32 1434 g / e /d .88
22 SIC 33 11196 g / e / d .9 4
23 SIC 34 249 g / e / d .93
24 SIC 35 421 g / e / d .95
25 SIC 36 264 g / e / d .8 7




N o C otegoty  W ater Use Sewage Factor
27 SIC  38 363 g /e /d  .90
28 SIC 39 175 g /e /d  .93
29 SIC 1 0 -1 7 ,4 0 -5 0  60 g /e /d  .94
* These sewage f a c to r s  w i l l  n o t  be c o n s ta n t .  The new EPA s ta n d a rd s  
w i l l  p ro b a b ly  c a u se  a re d u c t io n  in  th e s e  f a c t o r s .  A program  can  
be deve lo p ed  to  p r e d i c t  th e s e  f a c to r s  o v e r tim e .
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C ol. 1 - 2  f o r  th e  w a te r  by p o l i t i c a l  j u r i s d i c t i o n  o u tp u t
C o l. 3 - 4  f o r  th e  w a te r  by so u rce  o f  su p p ly  o u tp u t
C o l. 5 - 6  f o r  th e  w a te r  by w a te r  tr e a tm e n t p la n t  o u tp u t
C o l. 7 - 8  f o r  th e  w a te r  by w a te r  s to ra g e  system  o u tp u t
C o l. 9 -10  f o r  th e  sewage by p o l i t i c a l  j u r i s d i c t i o n  o u tp u t
C o l. 11-12 f o r  th e  sewage by w a te rsh ed  o u tp u t
C o l. 13-14 f o r  th e  sewage by sewage tre a tm e n t p la n t  o u tp u t
C o l. 15-16 f o r  th e  sewage by r e c e iv in g  s tream  o u tp u t
Card 7 , AREA SIZE CONTROL CARD
T his c a rd  h a s  th e  same form at as  Card 6 and i s  th e  maximum 
number o f  a re a s  e n te re d  f o r  each o u tp u t a s  l i s t e d  in  Card 6 ( f o r  
exam ple, i f  one had  12 w a te r  tre a tm e n t p l a n t s ,  coded 01 th rough  
12, he would e n t e r  12 in  columns 5 and 6 ) .  The maximum a re a s  f o r  
any o u tp u t a r e  l im i te d  to  77.
Card 8 , SPECIAL AREA CONTROL CARD
T his c a rd  i s  u sed  on ly  i f  a  "1" o r  "3" i s  p la c e d  in  column 6 
o f Card 5 . When s p e c ia l  a re a s  a r e  to  be u se d , th e  c a rd  i s  f i l l e d  
o u t.
C o l. 1 - 3  Number o f  s p e c ia l  a re a s  to  be ru n .
C o l. 4 - 5  The maximum number o f SAU's th a t  i s  in  any o f 
th e  s p e c ia l  a r e a s .  T h is  c o n t r o l s  th e  "Do" 
l o o p s  and th e  h ig h e s t  number o f  SAU's th a t  
i s  any one s p e c ia l  a re a  i s  u sed .
Card 9, SAU'S IN SPECIAL AREAS
T h is  c a rd  i s  used  on ly  when Card 8 i s  p r e s e n t .  The ca rd s  
a re  s ta c k e d  in  th e  o rd e r  o f  th e  s p e c ia l  a r e a s .
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C ol. 1 - 6  SAU: The SAU's fo r  th e  f i r s t  s p e c ia l  a re a  a r e
s ta c k e d ,  one SAU to  a c a rd ,  u n t i l  a l l  SAU’s f o r  th a t  
s p e c ia l  a re a  a r e  e n te re d .  Then th e  deck i s  padded 
w ith  b lan k  c a rd s  t i l l  th e  t o t a l  number o f  c a rd s  i s  
eq u a l to  th e  maximum number e n te re d  in  column 4 -5  
o f  Card 8 , Then th e  SAU's f o r  th e  n e x t s p e c ia l  
a re a  a r e  added and padded u n t i l  a l l  s p e c ia l  a re a s  
a r e  lo a d ed .
Card 10, DATA OR PREDICTION CARDS FOR EACH SAU
T his s e r i e s  o f  c a rd s  i s  th e  a c tu a l  d a ta  t h a t  w ere d e r iv e d  from
C hap ter IV o f  t h i s  s tu d y . T here can be up to  th r e e  c a rd s  f o r  each
SAU, depending  on th e  p re s e n c e  o f  In d u s try  w ith in  th e  SAU. I f  th e re
i s  no in d u s t r y ,  th e n  th e r e  w i l l  be on ly  one c a rd  p e r  SAU.
Card "A". T h is c a rd  w i l l  e x i s t  f o r  each SAU.
C ol. 1 -  6 SAU 
7 B lank
8 - 9  P o l i t i c a l  j u r i s d i c t i o n  code
10-12 W atershed  code 
13-18 B lank
19-20 W ater tre a tm e n t p la n t  code 
21-22 S to ra g e  sy stem  p la n t  code 
23-24 W aste tr e a tm e n t p la n t  code 
25-26 R ece iv in g  s tre a m  code 
27-28 W ater so u rce  code
29-34 B lank
35-39 P o p u la tio n  in  SAU
40-44  I n s t i t u t i o n a l  lan d  u se  i n  a c re s  (g e n e ra l)
45-49  Commercial la n d  use  i n  a c re s  
50-54 B lank
55-59 I r r i g a t e d  la n d  in  a c re s  
60-64 C o lle g e  i n  number o f s tu d e n ts  
65-69 H o s p i ta l  i n  number o f  beds
70-74 M i l i t a r y  i n  number o f  p e rso n s
75-76 B lank
77 Code "0" i f  no in d u s try  in  S IC 's ,  "1" i f  
u s in g  S IC 's
Card "B ". The number o f  em ployees a re  e n te re d  in  th e  column fo r  
th a t  SIC th a t  e x i s t  in  th i s  SAU.
C o l. 1 - 5  SIC 19
















Card "C". T h is c a rd i s
when Card "B"
C ol. 1 - 5 SIC 35





A ll d a ta  i s  r ig h t-h a n d  j u s t i f i e d .
Card 11, GENERAL STUDY TERMINATION CARD
T his c a rd  i s  u sed  a f t e r  a l l  th e  SAU's have  been e n te re d  f o r  th e  
g e n e ra l s tu d y .
C o l. 6 "0"
Card 12, SPECIAL USER CARDS
These c a rd s  a r e  added i f  th e re  e x i s t s  s p e c ia l  w a te r  u s e r s  t h a t
do n o t  f i t  th e  g e n e ra l iz e d  e q u a tio n s  u sed  in  th e  r e s t  o f  th e  m odel.
These u s e r s  have to  be s p e c ia l ly  a s s ig n e d  and a re  u s u a l ly  th e
la r g e r  i n d u s t r i a l  com plexes.
C o l. 1 - 6  SAU 
7 B lank
3 - 9  P o l i t i c a l  j u r i s d i c t i o n  code 
10-12 W atershed  code 
13-18 B lank
19-20 W ater tre a tm e n t p la n t  code
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21-22 S to ra g e  sy stem  p la n t  code 
23-24 W aste t r e a tm e n t p la n t  code 
25-26 R ece iv in g  s tre a m  code 
27-28 W ater s o u rc e  code 
29 B lank
30-31 Type o f  a ss ig n m en t code (1 th rough  29) 
32-36 W ater p r e d ic t io n  (g a l lo n s  p e r  day) 
37-41 Sewage p r e d ic t io n  (g a llo n s  p e r  day)
Card 13, TERMINATION CARD
T his c a rd  ends program .
C ol. 6 "0"
4 .4  D ata A rrangem ent
The p ro p e r  c a rd  o rd e r  i s  shown in  F ig u re  4 -2 ,  ’’Demand D ata Deck Set-U p” , 
on th e  fo llo w in g  p ag e . T h is  c a rd  o rd e r  i s  f o r  th e  ’’g e n e ra l s tu d y ” and 
m atches th e  l i s t i n g  o f  d a ta  i n  S e c t io n  4 .5 .1
4 .5  Model Form at
The fo rm at f o r  th e  1970 p o r t io n  o f  th e  v a l id a t io n  run i s  p re s e n te d  in  
t h i s  s e c t io n .  The d a ta  fo rm at i s  i l l u s t r a t e d  i n  S e c tio n  4 .4  o f  t h i s  c h a p te r .  
The a c tu a l  run  i s  made u s in g  1970 d a ta  and 1990 d a ta .  Then by d e l e t in g  a l l  
d a ta  from  th e  f i l e  f o r  th e  f u tu r e  d a ta  above Card 10 and u s in g  program  DELTA 
and a d a ta  f i l e  f o r  a  s e le c te d  b a se  y e a r ,  a d a ta  f i l e  f o r  th e  in c re m e n ta l 
change in  w a te r  and sewage i s  c r e a te d .  T h is f i l e  can  then  be ru n  w ith  th e  
demand model and th e  o u tp u t i s  th e  in c re m e n ta l change between th e  two tim e 
p e r io d s .  An exam ple o f  th e  in c re m e n ta l change o u tp u t i s  shown in  S e c tio n
4 .6  f o r  th e  tim e p e r io d  1970-1990.
T h is  added c a p a b i l i t y  w i l l  g r e a t ly  in c re a s e  th e  u s e r s  gaming o p tio n s  to  
d e te rm in e  how changes in c r e a s e  th e  a c tu a l  demands on system s above t h e i r
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End C ard
W afe r an d  S ew ag e  P re d ic fio n  C ards
End C ard  fo r Industry
Indusfria l SAU C ards
M axim um  O u tp u t  C on tro l C ord  
O u tp u t  C o n tro l C ard  
Y e a r  C on tro l C ard
P ag e  H ead in g s (11 C a rd s)
L ine L abels (28 C ards)
S ew ag e  F low  F a c to r  C ords (28 C ards)
S lo p e  & In te rc e p t C ard s (28 C ard s)
DATA DECK S E T -u f  FO R GENERAL S O L U T IO N S TO DEM A ND M ODEL 
F ig u re  4 - 2 .  Demand D ata Deck Set-U p
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p r e s e n t  o p e ra t io n .  The u se  o f  equipm ent w ith  good e d i t i n g  c a p a b i l i t i e s  
i s  m andatory  i f  good u se  o f  a l t e r n a t i v e  runs i s  to  be made. T h is c a p a b i l i ty  
g iv e s  th e  u s e r  f u l l  gaming; c a p a b i l i t i e s  o f  lo o k in g  a t  a l l  f u tu r e  a l t e r n a t iv e s  
f o r  a l l  a r e a s .
4 .5 .1  In p u t D ata
The d a ta  l i s t e d  on th e  fo llo w in g  pages a r e  f o r  th e  1970 run  o f  th e  demand 




G .  870. 0 .940 0
1.0  9'j. 0 .9400
0 . 5  192. I 0 .95 00
0 .5  151. 0 .9400
0. 204. I 0 ,0800
0. 1400, 0 .940 0
0. 163. 0 . 9300
0. 644. 0 . 9500
0. 60. 0 .87 00
0. 904. 0 .950 0
0. 79. 0 .90 00
0. 9762. 0 .930 0
0. 260. 0 .940 0
0. 14584. DO/iESIIC
0. 25157. • IHSTI ÏU ÏIf jîlA I..
0. 1130. i COWiERCIAI.
G .  215 .  ' IAK1 GATED I.ANU
0. 1434. SIC 19
• 0. 11196. SIC 20
0. 949.  SIC. 21
0. 421.  SIC 22
0. 264.  SIC 23
0. 551. SIC 24
G. 363. SIC 25
0. 175. SIC 26
0. 60. SIC 27
0 .7000  SIC 26
0 .7000  SIC 29
0 .7000  SIC 30
0 .0000  SIC 31
0 .7000  SIC 32
0 .7000  SIC 33
0 .70 00 SIC 34
0 .9400 SIC 35
0 .9100 SIC 36
0 .6700 SIC 37
0 .9100 SIC 38
0 .9400 SIC 39
0 .8200  SIC OTHER





  WATER BY SAU
WATER BY POLITICAL JURISDICTOIOK 
WATER BY SOURCE Of SUPPLY 
WATER BY WATER TREATMENT PLANT 
WATER BY WATER STORAGE SYSTEM 
SEWAGE BY SAU 
SEWAGE BY p o l i t i c a l  JURISDICTION 
SE..AGE BY SEWAGE TREATMENT PLANT 
SE..AGE BY RECEIVING STREAT: 
SEWAGE BY WATERSHED
Th o u s a n d s  of g a l l u n s p e r  d a y
1970 2
1 1 1 1 1 1 1 1 «
3630 à 556304013
C6225C 2 1 1 1 1 1 1 . 1. o'. 1. 0. 0. 54. 0. 1
22. 22. 22. 22. 22,. 22. 22. 22. 22. 22. 22. 222. 22. 22. 22.
22. 22. 22. 22. 22,. 662.
072350 1 1 1 I 1 1 1 1. 0. 1. 0. 494. 0. 0. c
072320 1 1 1 1 1 1 1 1. 0. 1. 0. 0. 31. 0 . 1
15. 15. 15. 15. 15. 15. 15. 15. 15. 15. 15. 15. 15. 15. 15.
15. 15. 15. 15. 15.. 315.
112210 20 2D 6 1 9 220 20. 0 . 1. 0. 0. 0. 0. 0
112220 20 20 6 1 9 220 20. 0. ! . . 0. C. 0. 0. 0
112230 20.20 6 1 9 220 20. 0. 10. 0. 0. 0. 0. 0
112240 20 20 6 1 9 220 10. 0. 1. 0. 0. 0. C. 0
112250 20 20 6 1 9 220 10. 0. 1. 0. 0. 0. 0- c
112260 20 20 6 I 9 220 10. 0. 10. 0. 0. 0. 0. 0
112110 20 20 6 1 9 220 1. c. 7. 0. 0. 0. 0 . 0
112120 20 20 6 1 9 220 5049. 0. 20. 0. 0. c . C. 1
15. 15. 15. 15. 61,. 32. 15. 15. 15. 15. 15. 15. 15. 15. 15.
15. 15. 15. 15. 15., 37Ô.
112130 20 20 6 I 9 220 1 000. 0. 25. 0. c. 0. 0. 0
112140 20 20 6 1 9 220 30. 0. 1. 0. 0. 0. 0. 1
21. 21. 21. 21. 21., 130. 21. 21. 21. 21. 21. 21. 21. 21. 21.
21. 21. 21. 21. 21. 579.
112150 20 20 6 1 9 220 1000. 0. a . 0. 0. 0. c . 1
3. a . a . 8 . 34. 71. 8 .  8 . a . o . 8 . a . s . a .
























































































































































































5 0 . 0 . 3 . 0 . 0 . 0 . c . 0
1 6 . 0 . 1 . 0 . 0 . 0 . c . c
1 3 . 0 . 1 . 0 . 0 . 0. c . 0
4. 0 . 1 . 0 . 0 . 0 . 0 . G
2 . 0 . 1 . 0 . G. 0 . c . 0
1 0 0 0 . 0 . 1 . 0 . 0 . 0 . 0 . c
1 . 0 . 1 . 0 . 0 . 0 . 0 . 0
2 4 0 . 0 . 1 . 0 . 0 . c . c . 0
3 2 . 0 . 1 . 0 . 0 . 0 . 0 . 1
.  2 1 . 2 1 . 2 1 . 2 1 . 2 1 . 2 1 . 2 1 . 2 1 .
6 4 5 . 0 . 1 . 0 . 0 . 0 . c . c
5 4 . 0 . 1. 0 . 0 . 0 . c . 0
1 0 . 0 . 1 . 0 . 0 . 0 . 0 . c
1 3 . 0 . 1 . 0 . 0 . 0 . 0 . c
170 . 0 . 1. 0 . 0 . 0 . 0 . G
113. 0 . 2 . 0 . 0 . 0. 0 . c
5 . C. 1. 0 . 0 . 0 . 0 . G
5 . 0 . 3 . 0 . 0 . 0 . ü. û
14 . 0 . 3 . 0 . 0 . 0 . 0. 0
2 4 . 0 . 1 . 0 . 0 . 0 . c . c
15 . 0 . 1 . 0 . 0 . 0 . c . 1
0 . 0 . 0 . 0 . 0 . 0 . 0. 0.




c. 0. 0. 0. 0. 0. 0. 0. 0.
22. 0. 1. 0. 0. 0. C. 0
36. 0. 1. 0. 0. 0. 0. 1
10. 10. 10. 10. 10. 10. 10. 10. 10.
189. 0. 1. 0. 0. 0. 0 . 0
4. 0. 1. 0. 0. c. 0. G
636. 0. 1. 0. 0. 0. 0. 0
92. 0. 1. 0. 0. 0. G. 0
323. 0. 1. 0. 0. c . 0 . 1
21. 21. 21. 21. 21. 21. 21. 21. 21.
c o n tin u e d
4 .5 .2  Main Demand Model
The fo llo w in g  i s  a  l i s t i n g  o f  th e  m ain program  and th e  s u b ro u tin e s  
u sed  in  th e  Demand M odel. A lso  shown i s  th e  program  used  to  o b ta in  th e  
d e l ta -c h a n g e  f i l e .  These program s a r e  d e s c r ib e d  i n  S e c tio n  4 .2  o f  t h i s  




110 DIMENSlO.'i CRESK 7 7 , 3 0 ) , PRED(29) ,SEFF(29) ,GUNIT(29) .
12C SSL0PE(29) ,SEPT(29)
150 CQ/UIGN LA£jEL(28),LABEL3(28),LABELl(28),
1-;C & •..ATER(5,7 7 , 2 9 ) , SEWAGE(i»,7 7 , 2 9 ) , SUSS(77 ,29) ,BÛUT(77,2 9 ) ,
150 &HEAD( 1 1 , 1 0 ) , ! YEAR, LABEL2(2 8 )
160 FILENAME KRD
1 70 INPUT, KRO 
ICC -  00 1 11=2,29
190 1 READ(KRD,1 02)SLOPE( N) , SEPT(N)
200 READ(KRD,103)(SEFF(N),N=1,29)
210 READ(KRD,1031)(LABEL(K),LABEL1(K),LABEL2(K),LADEL3{K),K=1,23)
220 READ(KRD, 1 0 3 ) ( ( HEAD( JH, JK) , JK=1 , 1 0 ) , JH=1 ,1 1 )
230 5 READ(KRD,100,EKD=1000) I YEAR,JPROC,IYEAR1
240 l t = I YEAR-1969
250 00 1111 M=2,29
260 1111 GUNIT(i;)=SLÜP£(h')*IT+SEPT(M)
2 70 READ( KR D, 1 0 1 ) JPOL, J  SOS, J  WTP, JWSTS,JSPOL, JWS, JSTP, JRS
280 PEAO(KRD,101)KPOL,KSOS,KWTP,KWSTS,KSPOL,KWS,KSTP,KRS
290 DO 2 K = l ,4
300 00 2 L = l , 7 7
310 00 2 J = l , 2 9
320 ‘. ;ATER(K,L,J)=0.0
330 WATER(K+1,L,J)=0.0
340 2 SEWAGE( K , L , J >=0.0
350 00 3 K = l , 7 7
360 00 3 J = 1 , 2 9
370 B0UT(K,J)=0.0
380 3 S l .S S(K ,J )= 0 .0
390 GO TO ( 5 0 , 6 0 , 7 0 ) ,  JPROC
400 50 READ(KRD,104)NCLASS,NREST
410 READ(KRD.1 0 5 ) ( ( GRES T( JC , JR) , JR=1 , NREST) , JC=1 , NCLASS)
420 53 READ(KRD,10 6)1 SAU,IP0LJ, IWS,II ;TP ,IWST,ISTP,1 RS, ISCS,
430 & (P R E 0 ( I ) , I= 1 ,7 ) , IN D Y
435 KK=7
IF ( IN D Y -1 ) 4 0 .30 ,4 0  
READ(XRD,1IO) (PRED(I) ,  1= 8 ,23 )
READ(XRD,1 1 1 ) (PRED(1 ) , 1 = 2 4 , 2 9 )
;<K=29
IF (ISA U )5 1 ,5 2 ,51  
DO 53 K=1,NCLASS 
00 53 L=l,NREST 
IF(ISAU-CREST(K,L))54,55,54




GUNIT(I) = . 5 * 1 T + 3 2 .0 + .01*PRED(1)





REAO(KRD,1 0 7 ) 1 SAU.IPOLJ,IWS,IV;TP,1WST,ISTP,1RS,ISOS,KH,
$  630 &KPRED,SPREO
IF ( IS A U )5 9 ,5 9 0 ,5 9  
CONTINUE
i;PRE0=1 000.  0*WPRE0 
SPREO=SPREO*10 00.0  
00 500 K=l,NCLASS 
00 500 L=1.NREST 
IF (ISAU-CREST(K,L) )504,505 ,504 
M=K














































5  57C DC 61 11= 1 ,KK
Ô1C DO 591 J=t,NCLASS
020 551 PRINT 1 0 o l , J , ( C R E S T ( J , H ) , r . =  l ,i .REST)
G3C CALL WRITEd .ÎXLASS)
3LC CALL SEWOUTd.(.CLASS)
05C PRINT 1 0 S , ( H E A D ( 6 , J K ) , J K = l , l 0 ) , (H c A D d l , JK ) , J K = J ,1 0 ) , IY E A R , I Y E A Â l
£3C DC 592 J=1,KCLASS
370 592 PRINT 1 031 , J ,  (CREST(J,H),P.= 1, NREST)
3Ô0 CALL WRITE( 6 , NCLASS)
350 -  GO TO 5
900 6C READ(KRD,106 )1 SAU,I POLJ,IWS,IWTP,IWST,I S I P , 1RS,I SOS,
51C & (P RE D(I) , I=1,7 ) , INDY
515 KK=7
520 I F ( IN D Y -1 )4 5 .5 5 ,4 5
930 35 R£AD(KR0,110) (PRED (I ) , I=8 ,23)
940 READ(KRD,111) ( P R E D (1 ) ,1= 24,29 )
545 KK=29
550 45 IF ( I S A U ) 6 2 ,6 3 .6 2
960 62 GUNITd ) = ,5 * IT + 3 2 .0 + .0 1 * P R E D d  )
975 J J = I I
976 I F ( J J . G T . 7 )  J J = J J + 4
50 0 OEIlAi\'C=GU:;iT(I I)*PR£D( 11)
550 WATER( 2 , 1 POL J , 11)=WATER( 2 , 1 POLJ, 11 ) +DENAND
1 000 WATER ( 3 , I S O S , I I  )=WATER( 3 , 1 SOS, 11 )+DEHAl'lD
1010 WATER( 4 , 1WTP, 11)=WATER( 4 , 1 WTP.II)+DE1 !AN D
1020 WATER( 5 , 1 WST, 11 )=WAT£R( 5 , 1 WST, 11 )+DEMAI>iD
1030 SEWAGE( 2 , 1 POLJ, 11)=SEUAGE( 2 , 1 POLJ, 11)+DE/;AND*SEFF(II)
1 040 SEWAGE ( 3 , 1STP, I I  )=SEWAGE ( 3 , 1STP, 11 )+OEMA(JD*SEFF ( I I )
1050 SEWAGE ( 4 , 1RS. 11 ) =SE WAGE ( 4 ,1RS,  I I  )+0£i:A;x;0*SEFF( 11 )
1060 61 SWSS(1WS,II)=SWSS(IKS,II)+0EMARD*SEFF(II)
1070 GO TC 60
1080 63 REAO(KRO,1 0 7 ) ISAU,IPOLJ,IWS,IWTP,IWST,ISTP,1RS,I SOS,KM,
1090 SWPRED.SPRED
HOC IF ( I S A U ) 6 9 ,6 9 0 ,6 9
1110 69 CONTINUE
1120 WPR£D=1 0 0 0 . 0*WPR£0
1130 SPR£C=1000.0*SPR£D
;;a t e r ( 2 ,  IPOLJ , km)= i;a t er( 2 , i p c l j , k/ i )+upreo
UATER( 3,  ISOS,KH)='JATER( 3,  I SOS,KM)+WPREO 
WATER( 4 , IWTP,KM)=WATER( 4 , 1 WTP, KM) +WPRED 
WATER(5 , IWST,KM)=WATER( 5 , 1 WST,KM)+WPREO 
SE WAGE ( 2 , 1 POL J  , ;<M } =SE WAGE ( 2 , I POL J  , Kf : ) +SPRE 0 
SEWAGE{3 , 1STP, K; 1 )=SEWAGE C3, 1STP, KM) +SPRED 
SEWAGE{ 4 , 1RS,KM)=SEWAGE(4,IRS,KM)+SPRED 
SWSS(IWS,KM)=SWSS(IWS,KH)+SPRED 
GO TC 63 
IF (  J P 0 L ) 6 1 1 , 6 1 0 , 6 n  
PRIIJT 1 0 9 , (HEAD(2 , J K ) , JK=1, 1 0 ) , (HEAOC1 1 , J K ) , JK=1, I 0 ) , I YEAR,IYEAR1 
CALL KATOUT (2,KP0L)
CALL WRITE(2,KP0L)
I F ( J S O S )6 1 3 ,6 1 2 ,6 1 3
PRINT 10S ,<HEA0(3, JK) , JK=1,10) , (HEAD(11,JK) ,JK=1,10) , IYEAR,IYEAR1 
CALL WAT0UT(3,KS0S)
_  CALL WRITE(3,KS0S)
s  1310 612 I f ( J W T P ) 6 1 5 , 6 1 4 ,6 l 5
- - -  PRINT 109,(HEA0(4,JK) , JK=1,10) ,<HEAD(11, JK) ,JK=I ,10) , IYEAR,IYEAR1 
CALL WAT0UT(4,KWTP)
CALL WRITE(4,KWTP)
IF(JWSTS)617 , 6 1 6 ,6 1  7
PRINT 1 0 9 , ( HEAD( 5 , JK) , JK=1, 1 0 ) , (HEAD( 1 1 , JK) , JK=1 , 1 0 ) , I YEAR, IYEAR1 
CALL WAT0UT(5,KWSTS)
CALL WRITE(5,KWSTS)
I F ( J S P 0 L ) 6 1 9 ,6 1 3 , 6 1 9
PRINT 1 0 9 , ( HEAD( 7 . JK) , JK=1 , 1 0 ) , ( HEAD( 1 1 , JK) , JK=1 , 1 0 ) , I YEAR, IYEAR1 
CALL SEWCUT(2,KSP0L)
CALL WRITE(7,KSPCL)
IF ( J S T P ) 6 2 1 ,6 2 0 ,6 2 1
PRINT 1C 9 ,( H E A D (S , JK ) , JK = 1 ,1 0 ) , ( H E A D (1 1 , JK ) , JK = 1 ,1 0 ) , I YEAR,IYEARl 
CALL SEW0UT(3,KSTP)
CALL WRITE(8,KSTP)
I F ( J R S ) 6 2 3 , 622,623
PRINT 109,(HEAD(9,JK) ,JK=1,10) , (HEAD(11,JK) ,JK=1,10) ,1YEAR,IYEARl 
CALL SEWOUT(4 . KRS)





































s  16ÔC 73 CONTI;iUE
1690 GO TO 780
153 G 622 IF(JWS)625 ,62A,625




156C bO TO 5
3 57C 70 REA0(KRD,104)NCLASS,NREST
15GC READdCRO,1 0 5 ) ( (CREST(JC,JR) , JR=1.NREST),JC=1.NCLASS)
15 5C 75 READ(KRO. 1 0 6 ) ISAU,IPOL J . 1 WS. IWTP. IWST. ISTP, IRS. I SOS.
16CC & (P R E D (I ) , I = I ,7 ) , I N D Y
16C1 KK=7
16G2 IF ( I N D Y -1 ) a i ,8 2 ,6 1
16C3 82 READ(KRD.110){PREO(I),1=8 ,23)
1604 ■READCKRD,111)(PRED(I) , 1 = 2 4 , 2 9 )
1605 KK=29
161C 81 IF (ISA U )7 1 ,7 2 ,71
1620 71 00 73 K=l,NCLASS
1630 DO 73 L=l,NREST
1640 IF(ISAU-CREST(K,L))74,75,74
165C 75 N=K
1660 GO TO 76
1670 74 CONTINUE
1700 76 GUN ITd) = . 5 * 1 1 + 3 2 . 0 + . 0 1 *PRED(1)
1710 DO 77 11= 1 ,KK
1720 DEMAND=GUNIT(II)*PREO(II)
1730 WATER( 1 ,N,II)=WATERC1,N,II)+OEMAND
1 740 WATER( 2 . I P O L J , I I )= WATER( 2 , 1POLJ, 1 1 ) +DENAND
1750 SEWAGE( 1 ,N,I I )=S£KAGE(I,N,I I )+DEf:AND*SEFF(II )
I 760 WATER(3 , 1 SOS,11)=WATER{3 , 1 SOS,11)+DENAND
1770 WATER(4 , IWTP, II)=WATER( 4 , IWTP, II)+DENAND
1780 WA TER( 5 , 1WST, 1 1 )=WATER( 5 , 1WS T, 11) +0E1 :AN 0
1790 SEWAGE( 2 , IPOLJ,II)=SEWAGE(2 .1  POLJ.11)+DENANO*SEFF(11)
1800 . SEWAGE( 3 . ISTP,I I )=SEWAGE(3.ISTP.I I)+DE/:AND*SEFF(II )
1810 SEWAGE(4,1R S .11)=SEWAGE(4.1RS.11)+DEf:AND*SEFF(II)
1820 77 SWSS(IWS,lI)=SWSS(IWS.II)+DEt;AIlD*SEFF(II )
























2 0 7 : 704













GUM 7( J ) = .  5*1 T+32. 0+ . 01 *PilEO( I )
DO 777 11=1,KK 
dei:a:.ü=g j m  t ( i i )*PRtO( 11 )
’. .•AT£A(2,IP0LJ, I I  )=WATER(2, IPOLJ, I I  )+OE«A,ND
LATER( 3 ,1  SOS, 11 )=WATER( 3 ,  ISOS, 11 )+OElIANO
UATEr.( if, I i.TP, 11 )=WATER ( A , I WTP, 11 )+DEllAKO
•.•.ATcR(5, IWST, 11 )=WATER(5,1 WST, 11 )+0£l!/UND
SEWAGH(2,lPCLJ,II)=SEWAGE(2,IP0LJ, II)+DE/Uli;0*SEFF{II)
SEWAGE( 3 , ISTP,II)=SEWAGE( 3 , ISTP.II)+DEMAWO*SEFF(II)
.SEWAGE(if, 1RS, II)=SEWAGE(if, 1RS, II  )+OEliAWO*SEFF(II )
_ SKSS(IW S,II)=SW SS(IW S,II)+DE«ANO*SEFF(II).
GO TO 73
READ(KRC, 1 07)  I SAU. IPOLJ, IViS, I WTP, I WST, ISTP, 1RS, ISOS,KM, 
&HPREO,SPREO 
IF (IS A U )7 9 , 7 9 0 , 7 9  
COKTIf.'UE
ia»RED=WPRED*l 000.  0
SPRED=SPRED*I0 0 0 .0
00 700 K=l,NCLASS
00 700 L=l,NREST
I f ( ISAU-CREST( K, L ) ) 70A, 7 0 5 , 70A
N=K




WATER ( 1 ,N,KM)=WATER( 1 ,N,K11)+VJ^RED 
SEWAGE( 1 ,N,KM)=SEWAGE(I,N,KN)+SPHEO 
WATER( 2 , IPOLJ,KM)=WATER( 2 , 1 PULJ, KM)+WPREO 
WATER(3 , ISOS,KM)=WATER(3 , ISQS,KM)+WPRED 
WATER( 4 , 1 WTP. KM)=WATER( if, I WTP,K.’;)*WPR£0 
IVATER ( 5 , IWS T, KM ) =WATER ( 5 , 1 WST, KM ) +WPRED 
SEWAGE( 2 , 1 POL J , KM) =S£WAGE( 2 , 1POLJ, KM) +SPREO 
SEWAGE( 3 , ISTP,KM)=SEWAGE( 3 , ISTP,KM)+SPRED 
































PRINT 1 0 9 .(H E A D (l ,J K ) .J K = 1 .1 0 } .(H E A O (l l .J K ) .J K = t . lO ) .IY E A R .lY £ A R I  
CO 791 J=l,NCLASS
PRINT 10Ü1,J ,(CREST{J,::) ,K =1,NREST)
CALL WRITEd.NCLASS)
CALL S£i;OUT( 1 , NCLASS )
PRINT l0 9 ,(H c A 0 (6 .J K } .J K = 1 .1 0 } ,(H E A 0 (1 1 ,J K } .J K = 1 .1 0 ) ,IY E A R ,lY E A R 1  
0 0  792 J=l,NCLASS
PRINT lO f i l ,  J ,(CREST(J,M ),N=1.NREST)
CALL WRITE( 6 , NCLASS)
GO TO 690
F O R N A T (IA .IX .II .IS )
F0RNAT(8I2)





FORMAT ( I 6 , I X , I 2 , I 3 . 6 X . S I 2 . 6 X . 3 F 5 . 0 , 5 X . 4 F 5 . 0 . 2 X , I 1 )  
F O R M A T ( I £ . lX .1 2 .I 3 .6 X .$ I 2 .1 X .I 2 .2 F S .O )
FORMAT!1M0."CLASS", 2 X . I 3 . 6 X , 1O !I6 , 3 X } / 1 0 ! 1 6 . 3 X ) / I 0 ! I 6 , 3 X ))
FORMAT!Î0A4)
FORMAT! 1S ! / ) ,  20A4. 5X. 4HYEAR. 23(, 1 4 .  1 4 )
^ -





115 COMNON LABEL( 2 8 ) . LA3EL3(2B), LABEL 1 ( 2 8 ) ,
120 & WATER(5.77,29) ,SEWAGE<A,77,29) ,SV;SS(77,29),50UT(77,29) .
130 SHEAD(11,10),IYEAJ1,LABEL2(2C)
UC DC 901 K0UT=1,KKK
150 -  D0UT(KUUT,27)=0.0
16C aOUT(KCUT,28)=0.0
1 70 BOUKKUUT, 1 )=SEWAGE(KTYP,KOUT, 1 )
160 BCUT(X0UT,2)=SEUAGE(KTYP,K0UT,2)+SEWAGE{KTYP,KCUT,5)+
190 &SEHAGE( KTYP, KOUT, 6 ) +SEWAGE{KTYP, KOUT, 7 )
200 00 905 K4=3*26
210 K5=K4+3
220 905 BOUI(KOUT,KA)=SEWAGE(KTYP,KOUT,X5)
^  230 00 904 K1=8,2S
M 240 904 DOUT(KUUT,27)=BOUT(KOUT,27) + S£WAGE(KTYP,K0UT,K1)
250 00 903 K l = 8 , 9
260 K2=Kl-3
270 903 B0UT(K0UT,K2)=SEMAGE(KTYP,KQUT,K1)
280 00 902 K3= 1 ,26
285 902 BOUT( KOUT, 2 8 )=BOUT( KOUT, 2 8 ) +BOUT(KOUT, K3)





115  ^ COMMON LACEL{28},LA8EL3<26),LA0EL1C28),
120  & WAT£R(5, 7 7 , 2 9 ) , SE W A G E <l» ,77 ,2S),SW SS(77 ,29),B 0U T (77 ,29),
130 &HEAD(11 , 1 0 ) , IYEAR,LABEL2(28)
140 DO 901 K0UT=1,KXK
150 BOUT(KOUT,27)=0,0
160 BOUT(KOUT,2 8 ) = 0 . 0
1 70 BOUT (KOUT, 1 )=V/ATER(KTYP,KOUT, 1 )
180 BCUT(KOUT,2)=WATER(KTYP,KOUT,2)+WATER(KTYP,KOUT,5)+
190 &KATER(XTYP.K0UT,6)+WATER(KTYP,K0UT,7)
^  20 0  0 0  905 K 4= 3 ,26
w  . 210  K5=K4+3
220 905 aOUT(KOUT,K4)=WATER(KTYP,KOUT,K5)
230  DO 904 K l= 8 ,2 9
240 904  BOUT(KOUT,2 7)=B0UT(KCUT,2 7 )  + WATER{KTYP,KOUT,K1)
250  DO 903  K l= 8 ,9
260 K2=Kl-3
27 0  903  BCUT(K0UT,K2)=WATER(KTYP,K0UT,K1)
280  DO 902 K 3 = l ,2 6
285  902 BOUT(KOUT,28)=BOUT(KOUT,28)+BOUT(KOUT,K3)






115 COl 1Î10N LABEL {28 ) ,  LABEL3( 28 ) , LABEL1 { 28 ) ,
120 & 1JATER(5,77.29) ,SE’« A G £ (4 ,7 7 ,25 ) ,S 1 .SS (7 7 ,29 )
130 SHEAD( 1 1 , 1 0 , 1  YEAR.LABEL2 ( 23 )




180 BOUT ( KOUT, 2 ) =SWSS(!<OUT, 2 ) +SWSS( KOUT, 5 )♦
190 &SNSS<KQUT,6)+SWSS(K0UT,7)
200 00 90S K4=3,26
210 K5=K4+3
220 905 B0UT(K0UT,K4)=SWSS(K0UT,K5)
230 00 904 K l= 8 ,2 9
240 904 B0UT(K0UT,27)=30UT(KCUT,27) + SWSS(K0UT,K1)
250 00 903 K l= 3 ,9
260 K2=Kl-3
270 903 B0UT(K0UT,K2)=SWSS(K0UT,K1)







CD:ZOX LA2EL(28),LA3EL3(28),LABEL1(28),  
ô. v .ATER(5.77,29),S£WAGE(i» ,77,29) ,SWSS(77.29) .B0UT(77,29) ,
SK£A3(11 , 10).1YEAR,LA8EL2(2S)
LL=I 
L / - 3
PRi;!T 100
I f C L i V . a )  3 0 4 , 8 0 4 ,8 0 6  
l;;=kl
PRIKT 1 0 1 , ( J J , J J = L L , L / O  
CO 302 JK=1,23 
DO 997 JL=LL,LM
^  220 997 3GUT(JL,J;<) = BOUT(JL,JK) /  1000.
^  ; 230 ? a i i ; 7  102,  LA3EL(JK),LA8EL1(JK) ,LABEL2(JK) ,LA8EL3(JK) , (B0UT{JL,J!<) ,JL=LL,U0
00 996 JL=LL,L«
DCUT{JL,J.<) = 80UT(JL,JK)  * 1000.
00 802 KX=LL,LK 
30UT(KK,j;<)=0.0  




GO TC 890 
ÂETUnx 
FORi-iAK IMC)
F0a;iAT(1H , 2 6 X , 3 ( I 3 , 8 X ) )
FCRMAKIH ,4A 4,4X,S (  F 9 . 1 , 2 X ) )
e;.'d
1 W w





I c i « 9 :





















































DINENSIOi: SL 0PE(29) ,SEPT{2 9) ,P REC(2 9) ,SEFF(29 ) ,LA EEL2(2S) ,H £AC(n ,  1C) 













WRITE(K TP, 1 0 3 2 ) ( SEFF(N) , N=1 , 2 9 )  
f ür;i at( F 6 . 2 )
READCKRC, 1031 ) (LABEL (K) ,LA3ELUK),  LABEL2(K),LABEL3(K),X=1,28) 
FORIIAT(AAA)
 WRITE(KTP,1031)(LABEL(K),LABEL1(K),LA0EL2(K),LABEL3(K),K=1,28)
READ(KRO, 1 0 8 ) ( ( HEAD( J H , J K ) , JK=1 , 1 0 ) , JH=1 , n )
FORMAT(lOAA)
URITE( KTP, 1 0 6 ) ( ( HEAD( JH, JK) , JK=1 , 1 0 ) , JH=1 ,1 1 )




DO 65 J J = 1 , 2
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4 .6  Model V a l id a t io n
The o u tp u t o f  th e  model i s  shown in  t h i s  s e c t io n  f o r  th e  y e a r  1970.
A lso  shown i s  th e  o u tp u t from th e  d a ta  f i l e  d ev e lo p ed  by s u b t r a c t in g  th e  
1970 d a ta  f i l e  from th e  1990 d a ta  f i l e .  T h is  o u tp u t i s  th e  change in  w a te r
req u ire m en ts  and sewage o u tp u t o ver t h i s  tim e  p e r io d .  T h is  o u tp u t i s
ex trem ely  v a lu a b le  i n  exam ining th e  d e l t a  change in  th e  s p e c i f i c  s tu d y  a r e a s .
I t  shou ld  be n o te d  th a t  t h i s  o u tp u t i s  n o t  m eant to  be u sed  f o r  p la n n in g
in  th e  AGOG a r e a ,  s in c e  some o f  th e  d a ta  w ere  u n a v a i la b le  and w ere added
from u n r e l i a b le  so u rc e s  f o r  e x p la n a to ry  and d e m o n s tra tiv e  p u rp o se s .
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'JVO
XAT5R £Y POLITICAL JLRlSDICTOIC THCUSAt.OS OF GALLONS PER CAY YEAR 197C- 0
1 2 3 4 5 6 7 c
OO.-.ESTIC 11 .8 10 9 .9 3 5 5 5 .8 1 399 .3 4 3 3 0 .3 878.9 1 7.0 7c. 8
i:.s t i t j t i c ;;al 2 0 0 .5 1 0 .4 2 2 6 2 .6 2 3 .0 4 0 3 .6 0. 0. C.
cc;:;Er.ciAL 3 3 .3 1 0 .4 ,3 9 1 .2  . 11 .9 5 3 .9 0. c . C.
IfJlIGATE: LAND . 0 . 0 . .  0- ; 0 . C. G. 0.
SIC IS 3 .1 6 .5 6.1 4 .1 4.1 4.1 10.2 K .  1
SIC 20 2 1 .0 4 4 .8 4 2 .0 2 8 .0 2 8 .0 28.0 70.0 78 .  r
SIC 21 2.5 5 .4 5 .0 3 .4 3 .4 3.4 8.4 8 . 4
SIC 22 9 . 7 2 0 .6 1 9 .3 1 2 .9 1 2 .9 12 .9 3 2 .2 32.2
SIC 23 0 .9 1 .9 1 .3 1 .2 1 .2 1.2 3 .0 3.C
SIC 24 1 3 .6 2 8 .9 27 .1 18.1 13.1 18.1 4 5 .2 4 5 . 2
SIC 25 1 .2 2.5 2 . 4 1 .6 1 .6 1 .6 3.9 3.9
SIC 26 146.4 3 1 2 .4 2 9 2 .9 195 .2 195 .2 195 .2 488.1 4wC.1
SIC 27 3 .9 8 .3 7 .8 5 .2 5 .2 5 .2 1 3 .0 13.C
SIC 28 2 1 8 .8 4 6 6 .7 4 3 7 .5 2 9 1 .7 2 9 1 .7 2 9 1 . 7 729 .2 729.2
SIC 29 377 .4 8 0 5 .0 7 5 4 .7 503 .1 503.1 503.1 1 257 .9 1 257 .9
SIC 30 1 7 .0 2 6 2 .2 3 3 .9 22^6 2 2 .6 2 2 .6 5 6 .5 56.5
SIC 31 3 .2 6 .9 6 .4 4 .3 4 . 3 4 .3 1 0 .7 1C. 7
SIC 32 2 1 .5 4 5 .9 4 3 .0 2 8 .7 2 8 .7 2 8 .7 7 1 .7 71.7
SIC 33 167 .9 3 5 8 .3 3 3 5 .9 2 2 3 .9 2 2 3 .9 2 2 3 .9 5 5 9 .8 5 5 9 . c
SIC 34 3 .7 8.0 7 .5 5 .0 5 .0 5 -0 1 2 .5 12.5
SIC 35 6 .3 13 .5 1 2 .6 3 .4 3 .4 8.4 2 1 .0 21.C
SIC 36 4 .0 8.4 7 .9 5 .3 5 .3 5 .3 13 .2 13.2
SIC 37 8.3 1 7 .6 1 6 .5 1 1 .0 1 1 .0 11 .0 2 7 .5 2 7 .5
SIC 33 5 .4 11 .6 1 0 .9 7 .3 7 .3 7 .3 18 .2 1 8 .2
SIC 39 2 .6 5 .6 5 .2 3 .5 3 .5 3 .5 3 . 7 0 . 7
SIC OTHER 18 .9 5 2 .3 3 7 .8 2 5 .2 2 5 .2 2 5 .2 6 3 .0 63.0
TOTAL ALL S IC 'S 1057.2 2 4 9 3 .4 2 1 1 4 .4 1 409 .6 1 4 0 9 .6 1 4 0 9 .6 3 5 2 4 .0 3 5 2 4 .C
TOTAL ALL USER 1302.9 2624.1 8 3 2 3 .9 2 8 4 3 .8 6 2 4 7 .4 2 2 8 8 .5 3 5 4 1 .0 36C2.8
WATER 3Y SOURCE OF SUPPLY TH0USAI;DS OF GALLONS P E R DAY YEAR 1970-
s
1 2 3 4 5 6 7 3
co i:es;t ic 0 .2 0 . 0. 7 .9 0. 0 . 0. 0.
i ;;sT iTuric ;.A L 2 1 0 .9 0 . 0. 0. 0 . 0. 0 . 0 .
cc.-.-:e.\c : al 4 3 .7 0 . 0. 0. 0. 0 . 0. 0.
IRRIGAT EC LAN: 0. c . 0. 0. 0. 0 . 0 . 0 .
SIC IS 7 .5 c . 0. 2 .0 0 . 0 . 0 . 0 .
SIC 20 5 1 .3 0 . 0 . 1 4 .0 0. 0 . 0 . 0 .
SIC 21 6 .2 0 . 0 . 1 .7 0 . 0 . 0 . 0 .
SIC 22 2 3 .3 0 . 0 . 6 .4 0 . 0 . 0 . (k
SIC 23 2 .2 0 . 0 . 0 .6 0 . 0 . 0 . 0 .
SIC 24 33 .4 0 . 0. 9 .0 0. 0 . 0 . 0.
SIC 25 2 .9 0 . 0 . 0 .8 0 . 0 . 0 . 0 .
SIC 26 361 .2 0 . 0 . 9 7 .6 0 . 0 . 0 . 0 .
SIC 27 9 .6 0. 0. 2 .6 0 . 0 . 0. 0 .
SIC 26 5 3 9 .6 0 . 0 . 1 4 5 .8 0 . 0 . 0 . 0 .
SIC 29 93 0 .8 0 . 0 . 2 5 1 .6 0 . 0 . 0 . 0 .
SIC 30 2 6 7 .3 0 . 0 . 1 1 .3 0 . 0 . 0 . 0 .
SIC 31 8 . 0 0 . 0 . 2 .2 0 . 0 . 0 . 0 .
SIC 52 53.1 0 . 0 . 1 4 .3 0. 0 . 0 . 0 .
SIC 35 414 .3 0 . 0 . ; 1 1 2 .0 0 . 0 . 0 . 0.
SIC 54 9 .2 0 . 0. 2 .5 0 . 0 . 0 . 0 .
SIC 35 15 .6 0 . 0 . 4 .2 0 . 0 . 0 . 0 .
SIC 36 9 .3 0. 0 . 2 .6 0 . 0 . 0 . 0 .
SIC 37 2 0 .4 0 . 0. 5 .5 0 . 0 . 0. 0 .
SIC 36 13.4 0 . 0 . 3 .6 0 . 0 . 0 . 0 .
SIC 39 6 .  5 0 . 0. 1 .7 0 . 0. 0 . c .
SIC OTHER 5 6 .6 0 . 0 . 1 2 .6 0 . 0 . 0 . 0 .
TOTAL ALL S IC 'S 28 4 5 .3 0 . 0. 7 0 4 .3 0. 0. 0. 0 .
TOTAL ALL USER 3100 .6 0 . 0. 7 1 2 .7 0 . 0 . 0 . 0 .
00
cû;.£s t i c
i:.STI7UTIC;>AL
























TOTAL ALL S IC 'S  
TOTAL ALL USER
:ATMEM PLAIVT TilOUSAiSOS OF GALLONS PER DAY YEAR 1970- 0
1 2 3 4 5 6 7
9 767 .3 34 5 6 .0 1 834 .3 19736.1 0 .9 5 1 0 .7 65 3 6 .2 2 6 7 6 .53751.2 1656.1 C. 1513 .6 0 . G. 4 3 3 .8 3 4 .7_ 544 .8 5 5 .9 0 . 7 1 7 .4 0 . 0 . 169 .2 2 3 .70- 1 2 5 2 .5 0. 0 . 0 . 0 . 0. 0 .36. 7 1 2 .0 4.1 1 6 .3 2 .0 9 .0 2 .0 6 9 .62 5 2 .0 8 2 .6 2 3 .0 112.1 1 4 .0 6 1 .6 1 4 .0 4 7 8 .6
30 .2 9 .9 3 .4 2 0 .3 1 .7 7 .4 1 .7 5 7 .5115 .5 3 3 .0 12 .9 5 1 .6 6 .4 2 8 .3 6 .4 2 2 0 .25 6 .0 5 .5 1 .2 2 3 4 .8 0 .6 7 .0 0 .6 2 0 .52400.1 1 5 487 .3 18.1 7589.1 9 .0 2 5 5 .8 9 .0 309 .214 .2 4 . 7 1 .6 6 .3 0 .3 3 .5 0 .8 2 7 .01757.2 5 7 6 .0 195 .2 7 8 1 .9 9 7 .6 4 2 9 .5 9 7 .6 3338.64 6 .8 1 5 .3 5 .2 2 0 .8 2 .6 11 .4 2 .6 8 3 .52625.1 8 6 0 .5 2 9 1 .7 1168.2 145 .8 6 4 1 .7 145 .8 4 9 8 7 .745 2 8 .3 1 4 8 4 .3 503.1 2 015 .1 2 5 1 .6 1106 .9 2 5 1 .6 66C3.74 2 9 .4 6 6 .7 2 2 .6 9 0 .5 1 1 .3 4 9 .7 1 1 .3 360 .558. 7 1 2 .7 4 .3 1 7 .2 2 .2 9 .5 2 .2 7 3 .5258.1 8 4 .6 2 8 .7 1 1 4 .9 1 4 .3 63 .1 1 4 .3 490 .420 1 5 .5 6 6 0 .6 2 2 3 .9 896 i. 8 1 1 2 .0 4 9 2 .6 112 .0 3 6 2 5 .04 4 .3 1 4 .7 5 .0 1 9 .9 2 .5 1 1 .0 2 .5 85 .275. S 2 4 .8 8 .4 3 3 .7 4 .2 1 8 .5 4 .2 144.C4 7 .5 1 5 .6 5 .3 21.1 2 .6 11 .6 2 .6 50. 355 .2 3 2 .5 11 .0 44.1 5 .5 2 4 .2 5 .56 5 .3 2 1 .4 7 .3 29 .1 3 .6 1 6 .0 3 .6 124. i5 1 .5 10 .3 3 .5 14 .0 1 .7 7 .7 1. 7419.1 10 9 8 .7 2 5 .2 8 3 2 .9 1 2 .6 72 .3 1 2 .6 4 3 2 ! c
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THCUSAl.OS OF GALLONS PER DAY year 1970- 0
2489.1
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9 7 9 .5 3 066 .2
6
615 .2 1 1 . ; 55 .11563 .3 16.1 2 8 2 .5 0. 0. 0.
2 7 3 .8 6 .4 3 7 .7 0. 0. 0.
0. 0 . 0 . 0. 0 . C.
5 .8 3 .8 3 .8 3 .6 9 .6 9 .6
3 3 .2 2 5 .5 2 5 .5 2 5 .5 6 3 .7 6 3 .7
3 .4 2 .3 2 .3 2 . 3 5 .6 5 .6
17 .6 1 1 .7 1 1 .7 11 .7 2 9 .3 2 9 .3
1 .7 1 . Î 1.1 1.1 2 .6 2.Ù
2 2 .2 1 4 .8 1 4 .8 14.3 37.1 37.1
2 .2 1 .5 1 .5 1 .5 3 .7 5 .7
2 2 5 .3 1 83 .5 183 .5 185 .5 4 5 6 .8 4 5 6 .u
7 .3 4 .9 4 .9 4 .9 12.2 12 .2
4 1 1 .3 2 7 4 .2 2 7 4 .2 2 7 4 .2 685 .4 6 3 5 .4
709 .4 4 7 3 .0 4 7 3 .0 4 7 3 .0 1132.4 1182.4
3 2 .2 2 1 .5 2 1 .5 2 1 .5 5 3 .7 5 5 .7
6 .1 4 .0 4 . 0 4 .0 10.1 10.1
3 7 .9 2 5 .2 2 5 .2 2 5 .2 63.1 63.1
3 1 5 .7  r 2 1 0 .5 2 1 0 .5 2 1 0 .5 52 6 .2 526.2
6 .9  • 4 .6 4 . 6 4 .6 11 .6 11.6
12 .0 8 .0 8 . 0 6 .0 .20.0 2 0 .0
6 .9 4 .6 4 .6 4 .6 11.5 11.5
1 5 .7 10 .5 10 .5 10 .5 2 6 .2 2 6 .29 .8 6 .5 6 .5 6 .5 16 .3 16 .3
4 .9 3 .3 3 .3 3 .3 8.1 6.13 5 .5 2 3 .7 2 3 .7 2 3 .7 59 .2 59 .2
1978.0 1318 .7 13 1 3 .7 1318 .7 5 2 9 6 .7 3296.*/
6 3 2 4 .7 2 3 2 2 .6 4 7 0 5 .2 1933.9 3 308 .6 3351.8
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S£i.AG£ BY RECEIVI ;;G STREAM tkcusa; OS OF GALLONS PER DAY YEAR 1970- 0
1 2 3 4 5 6 7
OaicSTIC 26C7.1 -17076 .2 8 7 1 .0 4 0 5 8 .5 1374 .5 0. 8 .3 20 2 2 .5
l.'iSTlTUÏlCtfiAL 1751.5 18 9 3 .0 103 .9 8 4 .2 171 .2 0. 2 1 5 .6 C.
COiï^EaCIAL _ 3 C 4 .4 4 0 9 .6 1 3 .5 0. 8 .4 0. 2 1 5 .6 0.
IRRIGATED LAND C. 3 7 6 .7 0. 0. C. p . 0 . 0.
SIC 19 2 3 .4 7 7 .9 2 .9 2 0 .  1 6 .  1 0. 0 . 3 .5
SIC 2G 155.4 5 1 7 .2 19.1 1 3 3 .6 4 0 . S 0 . 0 . 2 2 .9
SIC 21 1 3 .7 5 0 .3 1 .7 11 .8 3 .6 0 . c. 2 .0
SIC 22 7 1 .5 2 3 7 .9 8 .8 6 1 .5 1 8 .8 0 . c. 10 .5
SIC 23 14.2 2 5 1 .3 2 . 9 11 .4 1 .3 0 . 0 . 13.1
SIC 24 4 4 7 .7 1 7 7 0 4 .7 1 5 8 .6 -5 2 1 .9 37.1 0 . 1 4 .3 1349 .5
SIC 25 9.1 30 .1 1.1 7 .8 2 .4 0. 0 . 1 .3
SIC 26 1119.5 3 7 2 5 .6 1 3 7 .6 9 6 3 .5 2 9 3 .6 0 . 0 . 165 .2
SIC 27 2 9 .  S 9 9 .2 3 .7 2 5 .7 7 .8 0. 0 . 4.4
SIC 26 1672.5 5 5 6 5 .3 2 0 5 .6 14 3 9 .4 4 3 8 .7 0 . 0. 246 . o
SIC 29 2 8 8 5 .0 9 6 0 0 .9 3 5 4 .7 -2 4 8 3 .0 7 5 6 .7 0 . 0. 4 2 5 .7
SIC 30 3 4 5 .7 4 3 5 .8 16.1 1 1 2 .7 3 4 .4 0 . 0. 1 9 .3
SIC 31 2 4 .7 82 .1 3 .0 2 1 .2 6 .5 0. 0 . 3 .6
SIC 32 1 5 4 .0 5 1 2 .3 1 8 .9 132 .5 4 0 .4 0 . 0 . 2 2 .7
SIC 33 1284 .0 4 2 7 2 .8 157 .9 1 1 0 5 .0 3 36 .8 0 . 0. 189 .4
SIC 34 2 8 .3 9 4 .0 3 .5 2 4 .3 7 .4 0 . c. 4 .2
SIC 35 4 3 .8 162 .4 6 .0 4 2 .0 12 .8 0 . 0. 7 .2
SIC 36 2 8 .0 9 3 .3 3 .4 24 .1 7 .3 0. 0. 4.1
'  SIC 37 6 3 .9 2 1 2 .5 7 .9 5 5 .0 16 .8 0. 0 . 9 .4
SIC 38 3 9 .9 13 2 .6 4 .9 3 4 .3 10 .5 0. 0. 5 .9
SIC 39 19 .9 6 7 .5 2 .4 1 8 .6 5 .2 0. 0 . 2 .9
SIC OTHER 190 .3 2 0 3 0 .7 .2 6 .8 16 1 .9 3 8 .2 0. 1.1 171.5
TOTAL ALL S IC 'S 3 6 6 9 .C 4 5 9 5 7 .3 1147 .6 7 4 1 1 .6 2 1 2 3 .6 0. 1 6 .0 3 185 .2
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TOTAL ALL USER
SHED THOUSANDS OF CALLOUS PER DAY
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5 .1  In tro d u c t io n
The p re v io u s  c h a p te rs  o f  t h i s  r e p o r t  have been  concerned  w ith  th e  
developm ent o f  n e e d s , and e x p lo r in g  th e  a l t e r n a t e  w o rld s , and c r e a t in g  th e  
d a ta  f o r  th e  a n a ly s i s  o f  th e s e  w o r ld s . I t  I s  th e  pu rpose  o f  C h ap te rs  V and 
VI to  d e t a i l  th e  p ro c e d u re s  f o r  th e  e l im in a t io n  o f  th e  u n f e a s ib le ,  th e  s im p l i­
f i c a t i o n  o f  th e  d e c is io n s  and m odels th a t  a r e  needed  to  a n a ly ze  th e  a r e a ,  
and f i n a l l y  th e  ty in g  o f  th e s e  needs to  th e  s u p p lie s  by an  op tim al ne tw ork .
I t  I s  alw ays a g r e a t  te m p ta tio n  a t  t h i s  p o in t  f o r  a system s a n a ly s t  to  
c r e a te  y e t  a n o th e r  model o f  th e  com ple te  netw ork  and f a c i l i t i e s  w hich r e q u ir e s  
a trem endous com puter c a p a b i l i t y  t h a t  I s  n o t  a v a i la b le  to  m ost a r e a s ,  m ain ly  
because o f  f in a n c e s ,  t h a t  w ould , w ith o u t I n te r v e n t io n ,  run  to  th e  optimum 
s o lu t io n .  T h is  I s  n o t  n e c e s s a ry  and I s  d e t r im e n ta l  to  th e  p ro c e s s .  A c tu a l 
e x p e rie n c e  by th e  a u th o r  h as  shown t h a t  th e  netw ork  a l t e r n a t iv e s  to  exam ine 
f o r  th e  f u tu r e  a r e  r a th e r  l im i te d  by com parison . The f e a s ib l e  s o lu t io n s  a re  
bounded due to  th e  p h y s ic a l ,  p o l i t i c a l ,  and soc io -econom ic n a tu re  o f  th e  s tu d y  
a re a  and th e  p re v io u s ly  b u i l t  sy s tem s . Many o f  th e  so c a l le d  " p o s s ib le "  
s o lu t io n s  a r e  In  r e a l i t y  u n f e a s ib le  and a r e  n o t a v a i la b le  f o r  e v a lu a t io n .
These must be I d e n t i f i e d  and removed from th e  a re a  o f  c o n s id e ra t io n .
The r e s t  o f  t h i s  c h a p te r  I s  d ev o ted  to  th e  p ro c e s s  o f  I d e n t i f y in g  th e  
" r e a l "  netw orks ( a c tu a l ly ,  m ost w a te r  so u rce  system s a re  sim ply  a d d i t iv e )  
based  on th e s e  f u tu r e  dem ands. A ll  o f  th e  concerned  a g e n c ie s  m ust e v a lu a te
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th e  e x i s t in g  netw ork  and t h a t  w hich h as  a lre a d y  been programmed and id e n t i f y  
w hich o f  th e se  o p tio n s  a r e  a v a i l a b l e .  I n  o th e r  w ords, i s  a s o u rc e , t re a tm e n t 
p l a n t ,  o r  p ip e l in e  t h a t  i s  n o t  a t  c a p a c i ty ,  a v a i la b le  f o r  o th e r  u s e r s ?  I f  
i t  i s  a v a i la b le ,  f o r  how lo n g  and a t  w hat c o s t?  T h is  th e n  becomes a n o th e r  
p rim ary  node f o r  o p e r a t io n a l  gaming in te r v e n t io n  in  t h i s  i n t e r s t i t i a l  p ro c e s s .  
The group must reduce  th e  ne tw ork  to  a  f e a s ib l e  c o n d i t io n .
A f te r  th e  netw ork  h a s  been  red u ced  to  t h i s  "w orkable s t a t e " ,  th e  group 
th e n  d ec id es  w hat a l t e r n a t i v e s  a re  to  be a n a ly z e d . These a l t e r n a t i v e s  a re  
e v a lu a te d  by a c o s t  m odel. T h is  p ro c e s s  i s  done fo r  each  f iv e  y e a r  i n t e r v a l  
u n t i l  th e  s tu d y  p e r io d  h as  been e v a lu a te d .  T h is  once th ro u g h  p ro c e s s  becomes 
th e  "p la n "  f o r  th e  a re a  o v e r t h a t  tim e i n t e r v a l .  T h is p ro c e s s  i s  ex tre m e ly  
f l e x i b l e  fo r  im p ac t a n a l y s i s .  M ost o f  th e  a l t e r n a t iv e s  have a l re a d y  been  
e v a lu a te d , and v e ry  l i t t l e  e f f o r t  and tim e h as  to  be expended to  u p d a te  th e  
p la n .
5 .2  Network F o rm u la tio n
The netw ork  th a t  w i l l  be fo rm u la ted  i s  a re g io n a l n e tw o rk . T h is  netw ork  
w i l l  va ry  g r e a t ly  w ith  each  re g io n  b u t w i l l  be s t r u c tu r e d  by p o l i t i c a l  and 
c o rp o ra te  j u r i s d i c t i o n s ,  s o u rc e s ,  p ip e l in e s ,  tre a tm e n t p l a n t s ,  s to r a g e  
f a c i l i t i e s ,  e t c .  The re g io n  w i l l  be composed o f  s e v e ra l  com m unities and 
m e tro p o li ta n  a r e a s .  Many o f  th e s e  p o l i t i c a l  j u r i s d i c t i o n s  w i l l  have in d e p en ­
d e n t netw orks and some, m a in ly  th e  m e tro p o li ta n  a r e a s ,  w i l l  p ro b a b ly  have  
an in te rc o n n e c te d  w a te r  sy stem  w ith  s e v e ra l  so u rces  and tre a tm e n t p l a n t s .
The o b je c t w i l l  be to  fo rm u la te  th e s e  v a r ie d  netw orks in to  one system  
f o r  th e  w hole re g io n . T h is  does n o t  im ply t h a t  th e  w hole re g io n  sh o u ld  be 
made in to  one in te rc o n n e c te d  n e tw o rk , a lth o u g h  th i s  u s u a l ly  i s  a d e s i r a b le  
g o a l .  I t  does im ply  th a t  th e  w hole re g io n  h as  to  be fo rm u la ted  a s  one
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problem  and e v a lu a te d  as  a com plete  sy stem .
The netw ork  c o n s i s t s ,  th e r e f o r e ,  o f  a l l  so u rc e s  t h a t  a r e  a v a i la b l e  to  
th e  r e g io n ,  a lth o u g h  some o f  th e s e  may be some d is ta n c e  from t h i s  r e g io n .  I t  
a l s o  in c lu d e s  th e  n e c e s s a ry  raw and f r e s h  w a te r  s to r a g e  f a c i l i t i e s ,  t r e a tm e n t 
p la n ts  and th e  c o n n e c tin g  l i n e s  t h a t  p ro v id e  th e  t r a n s p o r ta t io n  l i n k s  f o r  
t h i s  w a te r .  I t  does n o t in c lu d e  th e  lo c a l  n e tw o rk s , th o se  in s id e  o f  th e  
c o rp o ra te  l i m i t s ,  t h a t  d i s t r i b u t e  th e  w a te r  to  th e  u s e r .  These a r e  e v a lu a te d  
u s in g  th e  p ro c e d u re s  o u t l in e d  in  Appendix C, W ater, Sew er, and Storm  D ra in ag e  
M icro A rea R equ irem en ts  (1 4 ) . The fo rm u la tio n  i s  f o r  a  system  l i k e  t h a t  shown 
in  F ig u re s  5-1  and 5 -2  .
The f i r s t  s te p  i s  to  fo rm u la te  th e  c u r r e n t  ne tw ork  o u t o f  th e  in v e n to ry  
d a ta .  T h is  ne tw o rk  i s  e v a lu a te d  a g a in s t  th e  p r o je c te d  demand f o r  th e  
n e x t  f iv e  y e a r  i n t e r v a l .  N ex t, th e  re q u ire m e n ts  a r e  com pared to  th e  e x i s t in g  
and programmed c a p a b i l i t i e s .  T h is  d e te rm in e s  th e  a c tu a l  netw ork  th a t  
w i l l  be u n d e r c o n s id e r a t io n .  T h is  i s  acco m p lish ed  by th e  p ro ced u re  d e t a i l e d  
i n  th e  fo llo w in g  p a ra g ra p h s .
The e x i s t i n g  f a c i l i t i e s  w ere e v a lu a te d  in  th e  in v e n to ry  and a n a ly s i s  
phase  o f  th e  s tu d y . The form s u sed  a r e  shown i n  A ppendix B (1 4 ) .  These 
form s w ere o r i g i n a l l y  developed  f o r  th e  In d ia n  N a tio n s  C ouncil o f  Governments 
(INCOG). T h is  d a t a ,p lu s  th e  in v e n to ry  o f  th e  so u rc e s  and m ajo r p ip e l in e s  
b o th  e x i s t in g  and th o se  t h a t  a r e  programmed w i th in  t h i s  f iv e  y e a r  tim e i n t e r ­
v a l ,  p ro v id e  th e  e x i s t i n g  netw ork , s e e  F ig u re  5 -1 .
As can  be se e n  from t h i s  f ig u r e ,  th e  s o u rc e s ,  t r e a tm e n t p l a n t s ,  and 
p ip e l in e s  f o r  th e  e x i s t in g  and programmed ne tw o rk  a r e  i d e n t i f i e d .  Each 
p o l i t i c a l  j u r i s d i c t i o n  t h a t  r e c e iv e s  i t s  w a te r  su p p ly  from  a p a r t i c u l a r  
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Programmed New F acility
F igures - 1 .  Existing M etropolitan  Study A rea,
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d ic t io n  i s  d iv id e d  in to  s p e c ia l  a r e a s .
The c a p a b i l i t i e s ,  c o s t ,  and l i a b i l i t i e s  o f  each p o r t io n  o f th e  e x i s t in g  
netw ork  have been i d e n t i f i e d .  T h is  e s ta b l is h e d  th e  e x i s t in g  n e tw ork . The 
demand model i s  ru n  w ith  t h i s  e x i s t in g  netw ork  d a ta  to  v a l id a te  th e  model 
to  t h i s  m e tro p o li ta n  a r e a .  I f  i t  i s  o f f  f o r  any a r e a ,  th e  te c h n ic a l  co ­
e f f i c i e n t s  and e q u a tio n s  sh o u ld  be r e v a l id a te d .
At t h i s  p o in t  in  th e  s tu d y  p ro c e d u re , th e  e x i s t in g  netw ork  h as  been 
e v a lu a te d  and i d e n t i f i e d .  I t  was th en  used  to  v a l id a t e  th e  c o e f f i c i e n t s  in  
th e  demand m odel. T h is  now a llo w s th e  u s e r  agency to  e v a lu a te  th e  f i r s t  
f iv e  y e a r  tim e i n t e r v a l  f o r  th e  s tu d y  a r e a .
The demand model i s  s e t  f o r  th e  netw ork  by co d in g  each  SAU to  i t s  p ro p e r  
group ( p o l i t i c a l  j u r i s d i c t i o n ,  so u rc e s ,  s p e c ia l  a r e a ,  t r e a tm e n t p l a n t ,  e t c . )  
th a t  c o in c id e s  to  th e  e x i s t in g  ne tw ork . The demand model i s  run  f o r  th e  
n e x t f iv e -y e a r  i n t e r v a l  f o r  each  a l t e r n a t i v e  u n d er c o n s id e r a t io n .  The f u tu r e  
lan d  u se  o f  th e  e x i s t in g  a re a  i s  coded in to  th e  same la n d  u se  p ro ced u re  as 
th e  c u r r e n t  la n d  u s e . The la n d  u se  to  be developed  i s  added to  th e  e x i s t in g  
scheme as v is u a l iz e d  by th e  u s e r  agency . I t  i s  a l s o  e n te re d  as  a s p e c ia l  
a r e a .  T h is i s  done to  p re c lu d e  h av in g  to  r e v a lu a te  t h i s  a r e a  i f  i t  becomes 
in c o m p a tib le  w ith  th e  e x i s t in g  netw ork  and needs to  be s u p p lie d  by an 
a d d i t io n  to  th e  n e tw o rk . T h is i s  done fo r  each o f th e  f u tu r e  a l t e r n a t i v e s  
th a t  th e  u s e r  agency w ish es  to  e x p lo re .  The o p tio n  t h a t  th e  demand model 
h as  to  e v a lu a te  th e  d e l ta  in c re a s e  in  w a te r  demand sh o u ld  a ls o  be ru n .
T his g iv e s  th e  in c re a s e s  and th e  new re q u ire m en ts  a s  a s e p a ra te  o u tp u t 
w hich makes e v a lu a t io n  o f  th e s e  netw orks e a s i e r .
A f te r  th e  run  o f  th e  demand model and th e  in v e n to ry ,  th e  u s in g  agency 
now has enough d a ta  to  e v a lu a te  th e  e x i s t in g  and programmed netw orks fo r  
tim e eq u a l to  p lu s  f iv e  y e a r s .
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The f i r s t  s te p  i s  to  examine each so u rce  o f w a te r  by each o f  th e  u s e r  
c o d e s . Can th e  e x i s t in g  and programmed so u rces  ta k e  c a re  o f  t h e i r  r e s p e c t iv e  
u s e r s ?  The so u rc e s  t h a t  can a r e  n o te d  and t h e i r  e x c e sse s  i n  c a p a c i ty  a re  
e v a lu a te d . The so u rces  th a t  can n o t ta k e  c a re  o f  t h e i r  f u tu r e  req u ire m en ts  
a r e  examined n e x t ,  and th e  re a so n  f o r  th e  d e f ic ie n c y  i s  e v a lu a te d . Has 
i t  reached  f u l l  c a p a c i ty  because o f  grow th o f  th e  o ld  u s e rs  a lo n e  o r  b ecau se  o f  
grow th and new developm ent? I f  i t  i s  b ecau se  o f  new developm ent th en  t h i s  
new a re a  i s  exam ined as a s p e c ia l  a re a  re q u ir in g  a  new s o u rc e . The o ld
a re a  i s  th e n  checked to  see  i f  i t  can  be han d led  by th e  o ld  so u rc e . The
d e f ic ie n c y  o r  ex ce ss  i s  n o te d  and re c o rd e d .
The so u rc e  d a ta  i s  then  com piled  f o r  th e  s tu d y  a r e a .  The ex cess  o f  w a te r
by each so u rce  i s  e v a lu a te d  f i r s t .  The c o n t r o l l i n g  agency i s  c o n ta c te d  to  
d e te rm in e  i f  th e  ex cess  i s  a v a i la b le  fo r  u se  in  o th e r  a r e a s .  I f  i t  i s  b e in g  
h e ld  in  r e s e rv e  and i s  n o t a v a i la b l e ,  th e n  i t  i s  removed from th e  excess  r o le s .  
I f  i t  i s  a v a i l a b l e ,  th e n  th e  c o s t  p e r  m i l l io n  g a l lo n s ,  amount a v a i la b le ,  and 
d u ra t io n  o f  th e  a v a i l a b i l i t y  a r e  d e te rm in e d . The above p ro ced u re  in c lu d e s  
th o s e  so u rces  w hich have a lre a d y  been programmed f o r  co m p le tio n  p r i o r  to  
th e  end o f  t h i s  f iv e - y e a r  i n t e r v a l .
The second s te p  i s  to  e v a lu a te  th e  tre a tm e n t f a c i l i t i e s  and t h e i r  
c a p a b i l i t i e s .  The p ro ced u re  i s  v e ry  much th e  same as  t h a t  o f  th e  so u rces  as  
f a r  a s  id e n t i f y in g  th e  e x ce sse s  and d e f i c i e n c i e s .  The e x c e p tio n s  to  th e  
above p ro c e d u re s  a r e  th e  e v a lu a tio n s  o f  th e  tre a tm e n t p la n t s  th e m se lv es . Each 
p l a n t  t h a t  h a s  a  d e f ic ie n c y  h as  to  be exam ined in d iv id u a l ly .  Can th e  p la n t  
be expanded to  a  c a p a b i l i ty  t h a t  would ta k e  c a re  o f  th e  needed  w a te r  supply? 
T h is  d e c is io n  i s  based  on th e  c u r r e n t  c o n d it io n  o f  t h a t  f a c i l i t y .  We must 
c a r e f u l ly  exam ine th e  expansion  o f  a  f a c i l i t y  v e rsu s  th e  c o n s tr u c t io n  o f  a 
new one.
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The f i n a l  s te p  i s  th e  e v a lu a t io n  o f  th e  pumping and p ip e l in e  f a c i l i t i e s  
th a t  in te rc o n n e c t  th e  s o u rc e s ,  tre a tm e n t p la n t s  and th e  u s e r  n e tw o rk s . Again 
th e se  f a c i l i t i e s  a r e  e v a lu a te d  f o r  t h e i r  e x c e sse s , d e f i c i e n c i e s ,  and a v a i l a b i l i ­
t i e s .  The p ro ced u re  i s  th e  same a s  t h a t  d e s c r ib e d  above f o r  th e  so u rces  and 
tre a tm e n t p l a n t s .  The co m p le tio n  o f  t h i s  p hase  co n c lu d es  th e  in fo rm a tio n  
needed f o r  th e  netw ork  fo rm u la tio n .
The n e x t p hase  o f  th e  netw ork  fo rm u la tio n  i s  to  s e t  t h i s  d a ta  down on 
a map o r a  ta b u la t io n  t h a t  can  be  e a s i l y  u n d e rs to o d  (s e e  F ig u re  5 -2 ) .  T h is 
th en  g iv e s  th e  p la n n in g  agency i t s  f i r s t  r e a l  look  a t  th e  f u tu r e  re q u ire m e n ts . 
Above a l l  e l s e ,  i t  h as  reduced  th e  problem  to  th e  a c tu a l  netw ork  th a t  needs 
to  be e v a lu a te d . R a th e r  th a n  a  maze o f  p l a n t s ,  p ip e l in e s ,  pumping s t a t i o n s ,  
e t c . ,  th e  u s e r  agency now h as  a  mapping o f  th e  a c tu a l  problem  w ith  which 
th e  agency i s  fa c e d . T h is  r a th e r  s im p l i f ie d  v e rs io n  o f  th e  problem  can  be 
e a s i ly  v is u a l iz e d  and e x p la in e d  to  a l l  o th e r  concerned  a g e n c ie s .
As shown in  F ig u re  5 -2 , th e  s tu d y  a r e a ,  t h i s  b e in g  one o f  th e  f u tu r e  
a l t e r n a t iv e s  u n d er c o n s id e r a t io n ,  h as  th e  new p o l i t i c a l  j u r i s d i c t i o n  and 
s p e c ia l  a r e a  b o u n d a rie s  shown f o r  th e  in c lu s io n  o f  th e  p r o je c te d  grow th .
The s p e c ia l  a r e a s ,  o ld  and new, and p o l i t i c a l  j u r i s d i c t i o n s  t h a t  have d e f i ­
c ie n c ie s  have been i d e n t i f i e d  and t h e i r  d e f ic ie n c ie s  n o te d . The f a c i l i t i e s  
th a t  do n o t  have ad eq u a te  c a p a c i ty  a r e  a ls o  shown. T h is  th e n  becomes th e  
req u irem en ts  f o r  th e  tim e i n t e r v a l  u nder s tu d y .
The p ro c e s s  i s  r e p e a te d  f o r  each  new inc rem en t o f  tim e u n t i l  th e  com plete  
s tu d y  p e r io d  h as  been e v a lu a te d .  T h is  p ro ced u re  g iv e s  th e  u s e r  agency an 
in c re m e n ta l a n a ly s i s  o f  th e  e x c e sse s  and d e f ic ie n c ie s  o f  th e  s tu d y  a re a  f o r  
th e  " d e s ire d "  a l t e r n a t i v e .  The accu m u la tio n  o f  th e  f u tu r e  d a ta  f o r  th e  








1. Source 3 - 1 . 3  mgd
2 . T P (S A -1 A )-1 .5 m g d ^
3. T P (S A -lB )-0 .9 m g d *
Pendencies
1 . TP (PJ-4) -  0 .5  mgd
2 . SA-16 -  0 .4  mgd
* Available for PJ-1 only
New Special Areo
Figure 5 -2 . Future Requirements.
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one " d e s ir e d  w o rld "  t h a t  i s  to  be  a n a ly z e d , th e n  th e  p ro c e s s  i s  r e p e a te d  
f o r  each a l t e r n a t i v e  i n  tu r n .
I t  was a t  t h i s  p o in t  t h a t ,  f o r  each " d e s ir e d  w o rld " , th e  a u th o r  found 
i t  b e n e f i c ia l  to  group t h i s  d a ta  in t o  in d iv id u a l  c a t e g o r ie s .  T h is  made i t  
e a s i e r  to  p r e s e n t  to  th e  C ouncil o f  Governments f o r  s e le c t io n  o f  th e  netw ork  
a l t e r n a t i v e s  t h a t  w i l l  be  m odeled f o r  th e  f i n a l  p la n  s e l e c t i o n .  I t  was 
d e te rm in ed  t h a t  f o r  each  p o l i t i c a l  j u r i s d i c t i o n ,  s o u rc e , t r e a tm e n t p l a n t ,  
and s to ra g e  f a c i l i t y ,  an  in d iv id u a l  d a ta  s h e e t  fo r  th e s e  c a t e g o r ic a l  i n c r e ­
m ents gave a much c l e a r e r  p ic tu r e  o f  th e  e x c e sse s  and d e f i c i e n c i e s ,  e s p e c ia l ly  
when accom panied by each  in d iv id u a l  mapping o f  c a te g o ry  (See p a g e 96). (Norman 
i s  u sed  as an  exam ple, s in c e  i t  i s  one p o l i t i c a l  j u r i s d i c t i o n  in  AGOG and i s  
c u r r e n t ly  one o f  th e  in d e p e n d e n t netw orks w ith in  th e  sy s te m .)
I t  can  e a s i l y  be seen  from t h i s  d a ta  s h e e t  th a t  Norman’s w a te r  su p p ly  i s  
adequa te  u n t i l  th e  p e r io d  1985-1990. S in ce  Norman i s  b le s s e d  w ith  an ad eq u a te  
groundw ater su p p ly  o f  e x c e p t io n a l  q u a l i t y ,  t h i s  re q u ire m e n t can  e a s i l y  be 
met by th e  developm ent o f  ap p ro x im a te ly  s ix  new w e l l s .  The t r e a tm e n t p l a n t ,  
on th e  o th e r  hand , w i l l  be  a t  f u l l  c a p a c i ty  s h o r t ly  b e fo re  1985. The tre a tm e n t 
p la n t  a t  Norman i s  new and h a s  th e  b u i l t - i n  c a p a b i l i ty  to  be e a s i l y  expanded 
to  double  i t s  p r e s e n t  c a p a c i ty  o f  6 . MGD.
S in ce  th e  g roundw ater su p p ly  r e q u ir e s  no tre a tm e n t and i s  added d i r e c t l y  
to  th e  w a te r  ne tw ork  and T h u n d e rb ird ’s c a p a c i ty  i s  o n ly  8 .5 5  MGD, th e n  th e  
a c tu a l  needed c a p a c i ty  f o r  tre a tm e n t i s  2 .5 5  MGD. T h is  can  b e  accom plished  
by in c re a s in g  th e  c a p a c i ty  o f  th e  p la n t  by o n ly  50%. T his p ro c e d u re  g iv e s  
a good p ic tu r e  o f  th e  w a te r  re q u ire m e n ts  and p o s s ib le  s o lu t io n s  f o r  th e  p o l i t i c a l  
j u r i s d i c t i o n  o f  Norman. The p ro c e s s  i s  re p e a te d  f o r  a l l  o th e r  g ro u p in g s  to  
be an a ly zed .
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WATER -  EXCESSES A N D  DEFICIENCIES FOR NORM AN
Time Intervals
1970 1975 1980 1985 1990
POPULATION 5 2 .1 1 7 5 9 ,5 0 0 6 8 ,0 0 0 7 6 ,5 0 0 8 7 ,0 0 0
W ater U saae-G PCD *** 118 120 124 129 137
W ater U sage-M G D 6 .1 5 7 .1 4 8*43 9 .8 7 11 .9 2
Industrial W ater 
U saqe-M G D 1 .4 5 7 .4 2 3.81 5 .4 7 7 .1 2
Total USAGE M GD 7 .8 0 9 .5 6 1 2 .2 4 2 5 .3 4 1 9 .0 4
SOURCE
Thunderbird Lake 
A V G -M G D 8 .5 5 8 .5 5 8 .5 5 8 .5 5 8 .5 5
G round supply* 
A V G -M G D
30 w ells**  
9 .0 0
30 w ells  
9 .0 0
30 w ells 
9 .0 0
30 w ells 
9 .0 0
30 w ells 
9 .0 0
Total MGD 1 7 .5 5 17 .5 5 1 7 .5 5 1 7 .5 5 1 7 .5 5
E xcess/D eficiency
M GD 9 .7 5 7 .9 9 5.31 2.21 - 1 .4 9
Treatm ent p lan t-M G D 6 .0 6 .0 6 .0 6 .0 6 .0
Excess/D eficiency-M G C up to  6 .0 up to  5 ,4 4 up to  2 ,7 6 —6 .3 4 - 2 .5 5
* G round supply requires no trea tm en t o ther th an  ch lo riro tion , 
** Avg. y i e l d  = 0 .3 0 MGD/well 
*** Maximum Doily Demand
W ater -  Excesses and D efic iencies  for Norman
I t  m ust be p o in te d  o u t t h a t  many o f  th e  w a te r  netw orks in  a m e tro p o li ta n  
a re a  a re  in d ep en d en t and a re  n o t  in te rc o n n e c te d .  The in te rc o n n e c t io n  o f  a l l  
th e  netw orks in t o  a r e g io n a l  system  th a t  s e rv e s  th e  m e tro p o li ta n  a re a  i s  a 
d e s i r a b le  g o a l and g r e a t ly  h e lp s  th e  s tu d y  a re a  i n  m ee tin g  fu tu re  w a te r  n e e d s , 
a s  w e ll  as  p ro v id in g  f o r  emergency flo w s. T h is  g o a l i s  u s u a lly  d i f f i c u l t  
to  m eet due to  th e  p o l i t i c a l  and so c io -ec o n o m ic a l n a tu re  o f  th e  system .
T h is  f a c t  a llo w s th e  u s in g  agency to  develop  a f u tu r e  p la n  f o r  much, 
i f  n o t a l l ,  o f  th e  netw orks b ased  on a s im p le  c o s t  a n a ly s i s  o f  th e  few 
a l t e r n a t i v e s  o f  each netw ork  w ith o u t u s in g  any com p u terized  netw ork m odel.
Due to  th e  n a tu re  o f  th e s e  netw ork  m odels, a s  much o f  th e  a n a ly s is  o f  th e  
f u tu r e  a l t e r n a t i v e s  sh o u ld  be accom plished  by t h i s  p ro ced u re  as p o s s ib le .
T h is co n c lu d es  th e  s e c t io n  on netw ork  fo rm u la tio n . A f te r  t h i s  p ro ced u re  
h as  been c a r r i e d  o u t f o r  th e  s tu d y  a r e a ,  th e  u s e r  agency should  have a 
com plete u n d e rs ta n d in g  o f  th e  n e tw o rk s , t h e i r  re q u ire m e n ts , and th e  a l t e r n a ­
t iv e s  th a t  a re  f e a s ib l e .  The agency a ls o  w i l l  have reduced  th e  problem  to  
th e  s im p le s t v e r s io n  p o s s ib le  and w i l l  now be ready  to  p re s e n t  i t  to  th e  
com m ittee o f  concerned  a g en c ie s  fo r  f i n a l  s e le c t io n  o f  th e  a l t e r n a t iv e s  th a t  
a re  to  be f in a l i z e d .
5 .3  Model D e s c r ip tio n
U sing th e  term  "m odel" f o r  th e  n e x t p hase  o f  t h i s  s tu d y  i s ,  in  a s e n s e , 
a m isnom er. The s te p  i s  a c tu a l ly  made up o f  a s e t  o f  a l t e r n a t iv e s  based  
upon th e  netw ork  u n d er c o n s id e ra t io n .  The "m odel" may be a s  s im p le  as a p p ly in g  
d e r iv e d  c o s t  fu n c tio n s  o r  th e  u se  o f  a com p u terized  model f o r  th e  d e te rm in a tio n  
o f  th e  u s e fu l  p e rm u ta tio n s  o f  th e  ne tw o rk . These p e rm u ta tio n s  a re  th en  used  
w ith  th e  c o s t  fu n c tio n s  to  d e r iv e  th e  p o s s ib le  n e tw o rk s . A review  o f  l i t e r a t u r e
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h as  f a i l e d  to  re v e a l  any model th a t  can  e f f e c t i v e l y  h a n d le  t h i s  phase  o f  th e  
problem  on a g e n e ra l b a s i s .  I t  does n o t seem p o s s ib le  t h a t  a g e n e ra l "m odel" 
can  be developed  f o r  th e  u s e r  a g e n c ie s . One th a t  can  be e a s i l y  u n d e rs to o d , 
ru n , and n o t re q u ire , l a r g e r  com puter c a p a b i l i t i e s  th a n  a r e  g e n e ra l ly  
a v a i la b le  i s  d e s i r a b l e .
T here a re  a v a i la b le  a w ide a s so rtm e n t o f  l i n e a r  program s f o r  a netw ork  
a n a ly s i s .  The one th a t  h as  had th e  g r e a t e s t  su c c e ss  w ith  ou r req u ire m en ts  
i s  th e  F u lk e r s o n 's  o u t - o f - k i l t e r  a lg o ri th m  and s e v e ra l  o f  i t s  v a r ia t io n s  
(21 , 2 2 ) . These v a r i a t io n s  w i l l  be covered  l a t e r  i n  t h i s  s e c t io n  a lo n g  w ith  
t h e i r  c a p a b i l i t i e s  and r e s t r i c t i o n s .
A f te r  th e  com p le tio n  o f  th e  model in te r v e n t io n  by th e  com m ittee o f  
concerned  a g e n c ie s , w hich h as  re so lv e d  th e  netw orks down to  th e  a l t e r n a t i v e s  
t h a t  they  w ish  to  c o n s id e r ,  th e  p ro c e s s  o f  netw ork  a n a ly s i s  i s  begun. The 
f i r s t  s te p  i s  to  i d e n t i f y  a l l  o f  th e  in d e p en d en t netw orks and t h e i r  a l t e r n a ­
t i v e s .  These a r e  s im p le  in  n a tu re  and r e q u ir e  a n a ly s i s  by s ta n d a rd  e n g in e e r in g  
p ro c e d u re s . As u sed  in  S e c tio n  4 .2 ,  Norman, Oklahoma, i s  such a system .
T h is netw ork  i s  in d e p en d en t o f  th e  m e tro p o li ta n  a re a  and h as  th e  c a p a b i l i t y ,  
w i th in  th e  tim e fram e o f  t h i s  s tu d y , o f  f u l f i l l i n g  i t s  f u tu r e  req u ire m en ts  
w ith o u t th e  c r e a t io n  o f  new so u rc e s  o r  new tre a tm e n t p l a n t s .  A lthough , \dien 
th e  demand reac h es  2 4 .5  MGD, new so u rces  w i l l  have to  be lo c a te d  somewhere be­
tween y e a rs  1995 and 2000. Depending upon th e  q u a l i ty  and ty p e  o f  so u rc e , a 
tre a tm e n t p la n t  w i l l  a l s o  be needed .
A ll ne tw orks t h a t  f a l l  in to  t h i s  c a te g o ry  a re  an a ly zed  u s in g  a  p ro ced u re  
th a t  a p p l ie s  th e  d e r iv e d  c o s t  fu n c tio n s  to  each o f  th e  p o s s ib le  a l t e r n a t i v e s .
The c o s t  fu n c tio n s  used  in  t h i s  p o r t io n  w ere d e r iv e d  by C. R. Bar tone (2 0 ) .
The a p p l ic a t io n  o f  th e s e  c o s t  fu n c tio n s  on th e  in d e p en d en t netw orks c o n s t i t u t e s  
th e  "model" f o r  t h i s  p o r t io n  o f  th e  s tu d y .
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The "model" c o n s i s t s  o f  th e  employment o f  th e  d i f f e r e n t  ty p e s  o f  c o s t  
fu n c tio n s  th a t  a re  In c u r re d  In  th e  developm ent o f  w a te r  s u p p l ie s .  B a s ic a l ly  
th e y  can  be c a te g o r iz e d  I n to  fo u r  com ponents:
1 . W ater so u rce  c o s t s  f o r  e i t h e r  s u r fa c e  o r  g roun d w ater w hich 
In c lu d e  c o s ts  f o r  r e s e r v o i r s ,  s tream  d iv e r s io n s  and w e ll  
f i e l d s .
2 . T ran sm issio n  c o s ts  w hich In c lu d e  c o s ts  f o r  pumping s t a t i o n s  
and p ip e l in e s  u sed  to  convey th e  w a te r  from I t s  so u rc e  to  
th e  a re a  o f  u s e .
3 . T rea tm en t c o s t s  w hich In c lu d e  c o s ts  f o r  raw w a te r  s to r a g e ,  
tre a tm e n t p la n t s  and pumping p l a n t s .
4 .  D is t r ib u t io n  c o s t s ,  w hich In c lu d e  c o s ts  f o r  pumping s t a t i o n s ,  
s to ra g e  ta n k s  and w a te r  m a ins .
I n  t h i s  s tu d y  each  o f  th e s e  c o s ts  h as  been an a ly zed  and e s t im a te d .  In  
g e n e ra l th e  c o s ts  a r e  b roken  down In to  c a p i t a l  e x p e n d itu re s  and o p e ra t io n  
and m ain tenance c o s t s .  C a p i ta l  e x p e n d itu re s  In c lu d e  c o s ts  f o r  e n g in e e r in g  
d e s ig n , lan d  and r ig h t-o f -w a y , w a te r  r i g h t s ,  c o n s t r u c t io n ,  a d m in is t r a t io n  
and f in a n c in g . O p e ra tio n  and m ain tenance  c o s ts  In c lu d e  la b o r ,  m a te r ia ls  
a d m in is t r a t io n  and o v e rh ea d s , ch em ica ls  and pow er. I n  some c a s e s  chem ica l 
a n d /o r  power c o s ts  a r e  shown s e p a r a te ly .
C a p i ta l  c o s ts  a r e  p re s e n te d  as  e q u iv a le n t  an n u a l c o s ts  u s in g  an  I n t e r e s t  
r a t e  o f  6 p e r  c e n t  and a p e r io d  o f  25 y e a r s .  O p e ra tio n  and m a in ten an ce  c o s ts  
a r e  p re s e n te d  a s  an n u a l c o s t s .  Both c o s ts  a re  p re s e n te d  In  1970 d o l l a r s .  
A djustm ent to  a new b ase  y e a r  I s  accom plished  by u se  o f  th e  E n g in e e r in g  
News-Record B u ild in g  C o st In d ex  5 f o r  th e  Southw est re g io n  ( D a l l a s ) (2 4 ) .
The c o s t  d a ta  was o b ta in e d  from  p re v io u s  s tu d ie s  o f  g e n e ra l iz e d  c o s ts  
f o r  w a te r  su p p ly  system s by th e  T u lsa  M e tro p o lita n  A rea P la n n in g  Commission
(2 5 ) , B lack and V eatch  (2 6 ) , and Dawes (2 7 ) .
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I t  sh o u ld  be re c o g n iz e d  th a t  th e  c o s t  e s t im a t in g  p ro c e d u re s  p ro v id ed  
h e re  a re  on ly  v a l id  f o r  m aking p re l im in a ry  com parisons and s e rv e  on ly  to  
m easure c o s ts  to  a  d eg ree  w hich w i l l  a s s i s t  i n  e v a lu a t in g  p la n n in g  a l t e r n a t i v e s .  
C ost e s t im a te s  d e r iv e d  by  th e s e  p ro ced u re s  sh o u ld  n o t  be u sed  i n  a c tu a l  
f a c i l i t i e s  d e s ig n  s in c e  th e y  sh o u ld  n o t  ta k e  th e  p la c e  o f  d e t a i l e d  e n g in e e r in g  
e s t im a te s  f o r  s p e c i f i c  p r o j e c t s .  C ost e q u a tio n s  a r e  v a l id  f o r  f a c i l i t i e s  
b ased  on u se  r a t e s  from 0 .1  to  100 m i l l io n  g a l lo n s  p e r  d ay . F o r u se  r a t e s  
i n  ex ce ss  o f  100 M6D p r o p o r t io n a te  in c re a s e s  i n  c o s t  e s t im a te s  a re  su g g e s te d
(2 6 ) .
The c o s t  e s t im a t in g  p ro c e d u re s  a p p l ic a b le  to  t h i s  model a r e  d e s c r ib e d  
below . N ote th a t  a l l  c o s t s  g iv e n  a r e  u n i t  an n u a l c o s ts  and to  a r r iv e  a t  th e  
t o t a l  annual c o s ts  i t  i s  n e c e s s a ry  to  m u l t ip ly  by a  d e s ig n  c a p a c i ty  v a r i a b le .  
D esign  c a p a c i t i e s  o f  f u tu r e  f a c i l i t i e s  a re  alw ays in te n d e d  to  be  th e  c a p a ­
c i t i e s  r e q u ire d  b ased  on w a te r  re q u ire m e n ts  a t  th e  end o f  th e  d e s ig n  p e r io d ,  
i . e . ,  th e  long  range f o r e c a s t s .
5 .3 .1  W ater S ource  C o sts
U n it c a p i t a l  c o s ts  f o r  im pounding r e s e r v o i r s ,  in c lu d in g  in ta k e  and 
pumping s t a t i o n ,  a re  g iv e n  by
-  38
C% = 74 .2  '  (26)
w here , C "  annual u n i t  c o s ts  o f  im pounding r e s e r v o i r s  i n  thousands 
o f  d o l l a r s  p e r  b i l l i o n  g a l lo n s .
■ d e s ig n  c a p a c i ty  o f  r e s e r v o i r  i n  b i l l i o n  g a l lo n s .
The minimum d e s ig n  c a p a c i ty  o f  f u tu r e  r e s e r v o i r s  w i l l  be t h a t  c a p a c i ty  
c a p a b le  o f  su p p ly in g  th e  t o t a l  av e ra g e  d a i ly  w a te r  re q u ire m e n ts  fo r  a l l  u s e r s
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o f  th e  r e s e r v o i r .
F or v e i l  developm ent th e  e q u iv a le n t  an n u a l c o s ts  a r e  $2 ,780  p e r  MGD 
c a p a c i ty  ( 2 Q .  T h is  f ig u r e  In c lu d e s  th e  developm ent o f  th e  e n t i r e  w e ll  
f i e l d  and sh o u ld  be eq u a l to  th e  maximum d a l ly  req u ire m en t o f  th e  u s e r .
N a tu ra l s u p p l ie s ,  such as  la k e s  and r i v e r s ,  r e q u ir e  on ly  an In ta k e  and 
pumping s t a t i o n .  The c a p i t a l  c o s ts  f o r  th e s e  f a c i l i t i e s  a r e  g iv e n  by
Cj^  - 3.95 (26)
w here , C_ = e q u iv a le n t  annual u n i t  c o s t  In  thousand  o f  d o l l a r s  
p e r  MGD.
Xg = d e s ig n  c a p a c ity  In  MGD.
The d e s ig n  c a p a c i ty  I s  b ased  on th e  maximum d a l ly  w a te r  re q u ire m e n t o f  th e  
u s e r .
O p e ra tio n  and m a in tenance  c o s t s ,  e x c lu s iv e  o f  pumping pow er, a r e  $7 .75  
p e r  m i l l io n  g a l lo n s  produced  (26) r e g a r d le s s  o f  so u rc e . To a r r iv e  a t  an 
annual p ro d u c tio n  m u l t ip ly  th e  av erag e  d a l ly  u se  by 365. Power c o s ts  a re
$5 .24  p e r  m i l l i o n  g a l lo n s  p roduced  p e r  100 f e e t  o f  head  (2 6 ) .  Head r e q u i r e ­
m ents f o r  w e ll s  a r e  ta k en  a t  400 f e e t ,  and f o r  s u r fa c e  s u p p lie s  100 f e e t  o f
head  I s  r e q u i r e d .  A g a in , a m u l t i p l i e r  o f  365 shou ld  be u sed  to  g e t  annual
p ro d u c tio n .
F in a l ly ,  a s s o c ia te d  w ith  each I n d iv id u a l  so u rce  th e re  may be  a  w a te r  
r ig h t s  c o s t .  T h is  c o s t  sh o u ld  be a s c e r t a in e d  s e p a ra te ly  by a  rev iew  o f le g a l  
ag reem ents and lo c a l  p r a c t i c e s .  The c o s t  w i l l  g e n e ra l ly  b e  e x p re s se d  In  
d o l l a r s  p e r  m i l l i o n  g a l lo n s  used  w here th e  amount o f  t o t a l  u se  I s  365 tim es 
th e  av e ra g e  d a l ly  u s e .
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5 .3 .2  T ran sm issio n  C osts
E q u iv a le n t an n u a l c o s t  f o r  c a p i t a l  In v es tm en t I n  p ip e l in e s  I s  g iv e n
by
Cp = 41.3 (25)
■where, C = e q u iv a le n t  an n u a l c o s t  f o r  p ip e l in e s  In  thousands o f  d o l l a r s
p e r  m ile  p e r  MGD.
Xp = p ip e l in e  d e s ig n  c a p a c i ty  In  MGD.
P ip e l in e  d e s ig n  c a p a c i ty  I s  based  on th e  maximum d a l ly  w a te r  req u ire m en t o f  
th e  u s e r .  N ote t h a t  th e  u se  o f  t h i s  c o s t  e q u a t io n  f o r  e s t im a t in g  p ip e l in e  
c o s ts  r e q u ir e s  an e s t im a te  o f  p ip e l in e  d is ta n c e  In  m i le s .  T h is  I s  g e n e r a l ly  
tak en  a s  th e  s t r a i g h t  l i n e  d is ta n c e  betw een so u rc e  In ta k e  p o in t  and th e  w a te r  
tre a tm e n t p la n t  o r  d is c h a rg e  p o in t .
Not In c lu d e d  In  th e  above c a p i t a l  c o s ts  I s  th e  c o s t  o f r ig h t-o f-w a y  f o r
p ip e l in e s .  An av e rag e  c o s t  f ig u re  f o r  r ig h t-o f -w a y  i s  $3200 p e r  m ile  (2 6 ) .
A m ortiz ing  t h i s  and re d u c in g  I t  to  an  e q u iv a le n t  an n u a l c o s t  y ie ld s  $247 p e r  
m ile  p e r  y e a r .  T h is  I s  a  f ix e d  c o s t ,  and I t  sh o u ld  n o t  be In c lu d e d  In  t h i s  
e q u a tio n  s in c e  I t  I s  Independen t o f  d e s ig n  c a p a c i ty .
Annual o p e ra t io n  and m ain tenance c o s ts  f o r  p ip e l in e s  can  be e x p re s se d  as
Ap » 1.32 X;-"4* (25)
w here, A "  an n u a l o p e ra tio n  and m ain ten an ce  c o s t  In  thousands o f  d o l l a r s
^  p e r  m ile  p e r  MGD o f  flow .
X^ ■ p ip e l in e  u t i l i z a t i o n  le v e l  In  MGD.
N ote th a t  th e  an n u a l o p e ra t in g  le v e l  and n o t  th e  d e s ig n  c a p a c ity  d e te rm in e s  
c o s ts  In  t h i s  I n s ta n c e .  These w i l l  be d i f f e r e n t  e x c e p t a t  th e  end o f  th e  
d e s ig n  p e r io d .
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Pumping s t a t i o n  c o s ts  a r e  d ependen t upon th e  number o f  pumping s t a t i o n s  
lo c a te d  a lo n g  th e  p ip e l in e .  To a r r i v e  a t  t h i s  number b o th  th e  a v a i la b le  
head  and f r i c t i o n  lo s s e s  m ust be ta k e n  in to  a c c o u n t. F r i c t i o n  lo s s e s  a re  
assumed to  be 4 f e e t  p e r  1 ,000  f e e t  o f  p ip e .  A v a ila b le  head  i s  th e  d i f f e r e n c e  
i n  e le v a t io n  betw een th e  In ta k e  and d is c h a rg e  p o in t s .  P o s i t i v e  h e a d , by 
c o n v e n tio n , w i l l  mean th a t  th e  in ta k e  i s  h ig h e r  th a n  th e  d is c h a rg e  p o in t .  
L e t t in g
h .  = e le v a t io n  d i f f e r e n c e  betw een in ta k e  and d is c h a rg e  
p o in t s  in  f e e t .
d = d is ta n c e  betw een in ta k e  and d is c h a rg e  p o in t s  in  
thousand  f e e t .
Then i f  h ^  -4d  > 0 , th e re  i s  enough head  a v a i la b le  to  overcom e f r i c t i o n  lo s s e s  
and g r a v i ty  flow  w i l l  s u f f i c e  ( i . e .  no pumping s t a t i o n s  a re  n e e d e d ) . I f  
h j  -4d  _5 0 th e  number o f  pumping s t a t i o n s  re q u ire d  i s
hg-4d
“  “  " 400"
rounded to  th e  n e x t h ig h e r  w hole num ber.
The u n i t  c a p i t a l  c o s t  f o r  each pumping s t a t i o n  i s  g iv e n  by
_ 314
= 6 .6 5  Xp (26)
w here , C = e q u iv a le n t  annual u n i t  c o s t  o f  pumping s t a t i o n s  i n  thousands 
 ^ d o l l a r s  p e r  s t a t i o n  p e r  MGD.
Xp = d e s ig n  c a p a c ity  o f  p ip e l in e .
A nnual o p e ra t io n  and m ain tenance  c o s ts  f o r  pumping s t a t i o n s  a r e  g iven
by
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A = 2.12 (26)n
w here , A = an n u a l o p e ra t io n  and m ain ten an ce  c o s t  in  thou san d s o f  
^ d o l l a r s  p e r  s t a t i o n  p e r  MGD o f  flow .
"  p ip e l in e  flow  le v e l  i n  MGD.
In  a d d i t io n  to  th e  o p e ra t io n  and m a in tenance  c o s t s ,  th e  c o s t  o f  pumping 
power m ust be in c lu d e d .  As a l re a d y  s t a t e d  pumping power i s  p r ic e d  a t  $5 .3 7  
p e r  m i l l io n  g a l lo n s  o f  flow  p e r  hundred  f e e t  o f  h ead . The head  re q u ire m e n ts  
w i l l  be
365
hg  -  4 d j as  d e f in e d  above w here h^ -  4d< 0 . The an n u a l flow  i s
5 .3 .3  T rea tm en t C osts
To a s s u re  a  r e l i a b l e  su p p ly  o f  w a te r ,  raw w a te r  s to ra g e  a t  th e  d is c h a rg e  
end o f  th e  p ip e l in e  may be  p ro v id e d .
The c a p i t a l  c o s t  f o r  raw w a te r  s to r a g e  i s
<=rs "  1-SS
w h ere , C = e q u iv a le n t  an n u a l u n i t  c o s ts  f o r  raw w a te r  s to ra g e  in
th o u san d s o f  d o l l a r s  p e r  m i l l io n  g a l lo n s .
X^g = Raw w a te r  s to ra g e  d e s ig n  c a p a c i ty  i n  m i l l io n  g a l lo n s .
The d es ig n  c a p a c i ty  f o r  r e l i a b l e  su p p ly  sh o u ld  be te n  tim es th e  a v e ra g e  d a i ly  
re q u ire m e n t. F o r p ip e l in e s  o f  l e s s  th a n  5 m ile s  le n g th  t h i s  c a p a c i ty  can  
be reduced  p r o p o r t io n a te ly .
The o p e ra t io n  and m ain ten an ce  c o s ts  f o r  raw w a te r  s to ra g e  a r e
-  O-IO (26)
w here , A = an n u a l o p e ra t io n  and m a in tenance  c o s t  in  th o u san d s o f  d o l l a r sr s p e r  m i l l io n  g a l lo n s .
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T reatm en t p la n t  c o s ts  In c lu d e  th e  c o s ts  o f  th e  tre a tm e n t p la n t  and 
t r e a te d  w a te r  pumping p l a n t .  U n it  c a p i t a l  c o s ts  a re  g iv en  by
= 2 5 .6  (25)
w here , "  e q u iv a le n t  an n u a l u n i t  c o s t  o f  t r e a tm e n t p la n t  in
thou san d s o f  d o l l a r s  p e r  MGD.
= d e s ig n  c a p a c i ty  o f  tre a tm e n t p la n t  i n  MGD.
The d e s ig n  c a p a c i ty  i s  b ased  on th e  maximum d a i ly  w a te r  req u irem en t o f  th e  
u s e r .
O p e ra tio n  and m a in tenance  c o s t s  o f  th e  tre a tm e n t p l a n t ,  e x c lu s iv e  o f  
chem ica l and power c o s t s ,  a r e  g iv e n  by
A.J. -  7 .2 5  (25)
w here, A_ = an n u a l o p e ra t io n  and m a in tenance  o f  tr e a tm e n t p la n t  
in  thou san d s o f  d o l l a r s  p e r  MGD.
X.J, = o p e ra t in g  le v e l  o f  p l a n t  in  MGD.
The o p e ra t in g  l e v e l  o f  th e  t r e a tm e n t p la n t  i s  b ased  on th e  av e ra g e  d a i ly  
req u ire m en ts  f o r  th e  y e a r  o f  o p e ra t io n .
Chem ical c o s ts  v a ry  w id e ly  depend ing  on th e  q u a l i t y  o f  th e  so u rce  
w a te r .  T h e re fo re , th e s e  c o s ts  sh o u ld  be d e te rm in ed  in d iv id u a l ly  f o r  each 
so u rc e . T h is  can  m ost e a s i l y  be done by p re p a r in g  a  sch ed u le  showing c o s ts  
v e rsu s  w a te r  q u a l i ty  by ty p e  o f  u s e .  These c o s ts  sh o u ld  be g iv en  in  
d o l l a r s  p e r  m i l l io n  g a l lo n s  t r e a t e d  w here th e  t o t a l  amount o f  t r e a t e d  w a te r  
w i l l  be 365 X^.
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5 ,3 ,4  D is t r ib u t io n  C o sts
T re a te d  w a te r  s to r a g e  r e q u ir e s  a  c a p i t a l  In v e s tm e n t o f
w here , C = e q u iv a le n t  an n u a l u n i t  c o s t  f o r  t r e a t e d  w a te r  s to ra g e
° In  th o u san d s  o f  d o l l a r s  p e r  m i l l io n  g a l lo n s .
X = d e s ig n  c a p a c i ty  o f  t r e a te d  w a te r  s to r a g e  f a c i l i t i e s
In  m i l l i o n  g a l lo n s .
The d e s ig n  c a p a c i ty  I s  e s t im a te d  a s  25 p e r  c e n t  o f  th e  maximum d a l ly  u s e .  
O p e ra tio n  and m a in ten an ce  c o s t s  f o r  t r e a te d  w a te r  s to r a g e  a r e  g iven  by
w here, A = an n u a l o p e ra t io n  and m ain tenance c o s t s  I n  thousandst s o f  d o l l a r s  p e r  m i l l io n  g a llo n s
The d i s t r i b u t i o n  system  netw ork  c o s ts  can  be  e s t im a te d  a t  $800,000 to  
$ 1 ,0 0 0 ,0 0 0  p e r  sq u a re  m ile  o f  developm ent. D i s t r i b u t io n  pumping power 
re q u ire m e n ts  assume a  head  o f  250 f e e t ,  th u s  th e  pow er c o s ts  a r e  $14 .50  p e r  
m i l l io n  g a l lo n s  o f  f lo w , and th e  t o t a l  flow  I s  365 tim es  th e  av e rag e  d a l ly  
f lo w .
5 .3 .5  T o ta l  C o sts
U sing  th e  above c o s t  d a ta ,  th e  annual t o t a l  o f  any w a te r  su p p ly  system s 
f o r  any u se  can  be e s t im a te d  in  1970 d o l l a r s .  I t  sh o u ld  be reco g n ized  
t h a t  each  system  w i l l  h av e  I t s  own s p e c ia l  re q u ire m e n ts ,  so t h a t  no g e n e ra liz e d  
t o t a l  c o s t  e q u a tio n s  w i l l  b e  a t te m p te d . For exam ple, one town may develop  
a  s u r f a c e  su p p ly  r e q u i r in g  tre a tm e n t w h ile  an  I n d u s try  may develop  I t s  own 
w e ll  w a te r  so u rc e s  r e q u i r in g  no tr e a tm e n t.  F o r each  I d e n t i f i a b l e  f u tu r e
106
w a te r  u se  an In d iv id u a l  t o t a l  annual c o s t  can  be dev elo p ed  by th e  above­
d e s c r ib e d  p ro c e d u re s .
The c o s t  d a ta  shown h e re  d em o n stra te  th e  e f f e c t  o f  econom ies o f  s c a le  
on w a te r  system  developm ent. As th e  s iz e  o f  th e  sy stem  in c re a s e s ,  th e  le v e l  
o f  s e rv ic e  i s  im proved, and th e  u n i t  c o s t  o f  p ro v id in g  th a t  s e rv ic e  i s  
reduced  -  a  f a c t  v e r i f i e d  by th e  n e g a tiv e  exponen ts  on d e s ig n  c a p a c ity  
te rm s in  th e  v a r io u s  u n i t  c o s t  e q u a t io n s .  W ater sy stem s have  long  l i v e s  and 
r e q u ir e  la rg e  c a p i t a l  in v e s tm e n ts , two f a c to r s  t h a t  make c o n s id e ra t io n  o f  
s c a le  econom ies im p e ra tiv e .
W ith th e  t o t a l  c o s t s  o f  each  a l t e r n a t i v e  i n  th e  in d e p en d en t netw orks 
now d e r iv e d , th e  d e c is io n  a s  to  th e  b e s t  a l t e r n a t i v e  can  now be made by th e  
com m ittee o f  concerned  a g e n c ie s .  T h is th en  co n c lu d es  th e  "m odel" o f  in d ep en ­
d e n t ne tw o rk s .
The n e x t s te p  i s  much more co m p lica ted  by com parison  (s e e  flow  c h a r t s  
a t  th e  end o f  t h i s  s e c t i o n ) .  T h is  i s  th e  ex am in a tio n  o f  th e  netw orks th a t  
a r e  in te rc o n n e c te d  form m u l t ip le  so u rces  and tre a tm e n t p l a n t s .  The fo rm u la­
t i o n  o f  a  model to  accom plish  t h i s  ta s k  was d e r iv e d  from th e  b a s ic  d e s c r ip ­
t i o n  o f  th e  o u t - o f - k i l t e r  a lg o r i th m  by F u lk e rso n  (2 6 ) .  T h is  method was th en  
developed  in t o  a  program  by R. J .  C lasen  (2 9 ) . The b a s ic  d e s c r ip t io n  o f  
t h i s  model can  be rev iew ed in  th e s e  p u b l ic a t io n s  i f  a  d e t a i l e d  a n a ly s is  
i s  r e q u ire d .
T h is  model was th e n  a l t e r e d  so  t h a t  i t  can  h a n d le  b o th  sew er and w a te r  
n e tw o rk s . The model i s  th e  same f o r  bo th  netw orks and w i l l  be u sed  a g a in  
i n  C hap ter VI f o r  th e  a n a ly s i s  o f  sew er n e tw o rk s . T h is  was done to  s im p lify  
th e  m odeling re q u ire m e n ts  o f  t h i s  s tu d y  and h as  p roved  to  be ad eq u a te  f o r  
p la n n in g  p u rp o se s . I t  was a l s o  done when s tu d ie s  re v e a le d  t h a t  t r u e  c o s t
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fu n c tio n s  a r e  n o t  l i n e a r .  In  f a c t ,  th e y  a re  u s u a l ly  f u n c t io n s .  I f  th e y
can t r u l y  be d e r iv e d ,  th a t  a re  o f  a  h ig h  o rd e r .  I t  was th e n  d e te rm in ed  t h a t
th e  c o s t  fu n c tio n s  b e  d is a g g re g a te d  and s im p l i f ie d  to  l i n e a r  fu n c tio n s  t h a t  
would g iv e  good ap p ro x im a tio n s . T h is  w ould a llo w  a program  to  be 
run  th a t  was r e l a t i v e l y  s im p le  and w ould d e r iv e  th e  f e a s ib l e  p e rm u ta tio n s  
which co u ld  be an a ly zed  in  d e t a i l .
The model s t a r t s  w ith  a  " su p e r  s o u rc e " ,  \d ilch  I s  b a s ic a l ly  th e  e n v iro n ­
m ent, and fe e d s  th e  w a te r  so u rces  t h a t  su p p ly  th e  netw ork . These so u rces  
a re  th e  f i r s t  s e r i e s  o f  n o d es. S in ce  each  node can  be In te rc o n n e c te d  w ith  
one o r  more a r c s ,  th e  c o s t  fu n c tio n s  can  be d is a g g re g a te d  by th e  u s e r .  T h is  
I s  accom plished  by d e te rm in in g  th e  f ix e d  c o s t ,  th e  c o s t  In c u r re d  by th e  
u s in g  agency no m a t te r  w hether th e  f a c i l i t y  I s  u sed  o r  n o t ,  and a s s ig n in g  
a  flow  o f  1 MGD to  t h i s  a r c .
F ixed  c o s t  $/MGD
1-1
V a ria b le  c o s t  $/MGD
1u
In  o th e r  w ords, th e  f ix e d  c o s ts  o f  a  l i n k  In  th e  netw ork  a r e  a s s ig n e d  to  
an a rc  t h a t  co n n ec ts  th e  two nodes w hich d en o te  th e  e n tra n c e  and e x i t  o f  
th a t  f a c i l i t y .  Then a  flow  o f 1 MGD i s  a s s ig n e d  a s  th e  u p p er and low er l i m i t s .
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These "1 MGD fa k e  flow s" have to  be added to  th e  " s u p e r  so u rc e "  l i n k  f o r  
each  a rc  o f  f ix e d  c o s ts  t h a t  a r e  a s s ig n e d  to  th e  n e tw o rk . They m ust a l s o  
be b a lan ced  in  th e  netw ork  s t a r t i n g  w ith  th e  " su p e r  s in k "  and w orking  
backw ards to  th e  " su p e r  s o u rc e " .
F ixed  c o s t
2-2
V a r ia b le  c o s t
The v a r ia b le  c o s t s ,  w hich a r e  l i n e a r  i n  t h i s  m odel, a r e  th e n  a s s ig n e d  
to  a n o th e r  a rc  t h a t  d e s c r ib e s  th e  f a c i l i t y  and th e  p ro p e r  u p p er and low er 
bounds a r e  a l s o  d e s ig n a te d . By u s in g  t h i s  te c h n iq u e , th e  c o s t  fu n c tio n s  can 
be c lo s e ly  app rox im ated  f o r  each  l in k .
The netw ork  i s  made up o f  a system  o f  nodes and a rc s  t h a t  a re  i n t e r ­
co n n ec ted  by a r c s .  Each node r e p re s e n ts  an  in ta k e  o r  ex h a u s t o f  some f a c i l i ­
t i e s .  Depending on th e  d eg ree  o f  accu racy  needed , com puter c a p a b i l i t i e s  
and a v a i la b le  c o s t  d a ta ,  t h i s  netw ork  can  be as d e t a i l e d  as  needed . An a r c -  
node g roup ing  can  r e p r e s e n t  a com plete  tre a tm e n t p l a n t  o r  each  o f  th e  s te p s
109
th ro u g h  th e  p l a n t .  The u s u a l p ro ced u re  I s  to  s im p l i fy  th e  netw ork  as  much 
a s  p o s s ib le ,  depend ing  p r im a r i ly  on c o s t  d a ta ,  f o r  th e  i n i t i a l  ru n s . When 
flow s have been d e te rm in e d , th en  u n fe a s ib le  o r  u n d e s i r a b le  p e rm u ta tio n s  o f  
th e  netw ork  can  be removed and new netw orks i n  d e t a i l  can  be d e r iv e d  and 
ru n .
By fo llo w in g  t h i s  b a s ic  p ro c e d u re , a v e ry  good flow  and c o s t in g  a n a ly s is  
can  be  run  on any ty p e  o f  n e tw ork . T h is  p ro c e d u re  may even be  enhanced by 
u s in g  some new te c h n iq u e s  l i k e  th o se  developed  by H. A. R eeder and Dr. P . A. 
Je n se n , who dev elo p ed  a  v e rs io n  th a t  u se s  a convex c o s t  fu n c tio n  i n  th e  
program  (3 0 ) . The c a p a b i l i t i e s  o f  t h i s  te c h n iq u e  a re  on ly  l im i te d  by th e  
v e r s a t i l i t y  and im a g in a tio n  o f  th e  u s e r .  The flow  c h a r t s  a re  p re s e n te d  in  
T ab les  5-1 th ro u g h  5 -1 5 .
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TABLE5 -1 . MAIN
Moin Start
Initialize 
K I-5 'K5(2>=10 
K 0 6  KQ(5)=500 
KQ(3>=9 KQ(4^1000 
I NFW=2147423647 






































































TABLE 5-3. SUBROUTINE CUTOFF
C  Y  )
w
I
Q  RETURN ^
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TABLE 5-4 . SUBROUTINE ARCRD
START
no l>M/  READ 
fKA(l, 1)1=1 


















/f t ln l  Words 

























TABLE 5 ^ .  SUBROUTINE ARCRD (ConK)
Print Sourc 
N O D E  




^  l= K K ,M M
K K «IL(K +1)
D O  J J - K K .N
j= N - J J + K K
K C (J)b K C (J -1 )
K X ( J K X ( J - 1 )
K U (J)» K U (J-1 )
LW (J)*:LW (J-1)
J A (J )« JA (J -1 )
N M -K K -I
K C ( N M H X d )
K U (N M )»IX (2)
LW (N M )-IX (3)











' ^ i n t  » 
o f  N O D ES 
in  Run
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TABLE 5.5. SUBROUTINE NODERD
^  S ta r! ^
1=0
î
1= 1 + 1
J E
Read 
K A (1 ,1 ) , 





K E Y W /17
K = N O D E N O
(K A (2 ,D )
N P(K )-IX {1)














/ Ptint f  
























TABLE 5-6. SUBROUTINE POSTRD (Cent.)















L = N O D E N O






K A T -L
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TABLE5-6 . SUBROUTINE POSTRD (Conf.)
©
M n t  N o d e j  




(L « r,1 )
P i r in t





TABLE 5-7. SUBROUTINE SOLVE
START
N L (I) -  0
> Mno
r =  JA (J )  
NL(I) =  
N L (I) +  1
no
J >  N
JL (1) =1
D O J I =  1 ,M
yet
/  PRINT;
"No Arc End! 
Ar Node" J
m i i i J
JL(I+1) -  JL (I) 
+N L (I) 
IJ(I) ■ JL (I) 
N L(I) »  0
yetno l> M
H D 0 J J =  1 ,N
yet
K =  JA (J)
N L ( l)=  N L (0  
-  K X (J) 
NL(K) =  NL(K) 
+  K X (J) 
K C (J) =  K C (J) + 
N P (I) -  N P(K )
PRINT
Bo u n d
ERROR
L E ^d M A X O  
;  1ER,2) 
i X ( y ) - K U ( j )  
K U (J) »  LW (J) 
LW (J) = IX(9)
K U (J)+ A B S  
K U (J)-L W (J)) 
K X (J) -  K X (J) 
-L W (J)
L •  IJ(K ) 
JI(L ) = I 
IB (L )= J 
IJ(K ) = IJ(K )
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N o J > N
N o
Yes
I  fVInt 
I  N o n -  
C onservo tiv ( 







K > IL (J+ 1 )
Yos
1=1+1
C o l! CU TO FF 
 J K F X )
KFX=1
N o













K U (J)=K U (J)+L W (J
KX (J)=KX{J)+LW (J:
K C (J>=K C (J)-
N P (I)+ N P (K )
N o K > N
Ye»
N o



































TABLE 5-9 . SUBROUTINE BREAKT
START
K T -JI(K R )
N o
M IN E f M IN O
(M IN E ,K U (K K )
-K X (K K ))
Y«i M IN E sM IN O






M IN E v M IN O
(M 1N E,K X (K K )
-K U (K K ))
N o J>M
Ye,




TABLE 5-9. SUBROUTINE BREAKT (Cont.)







J - 1 , M
N L (J )-0






N D E L T A \_ 1 « *









N L (J )-0
Y a iNo
1= 1+1
No > J A ( L )
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TABLE 5-10. SUBROUTINE RAISE (Cont.)
l>M
Ye*No














or KX(K)=0 ' 
or KX(K)= 









TABLE 5 - 1 1 .  SUBROUTINE OUTPUT 
Ç  START J
M Z » M N Q I
LER=0











PU N C H







PRINT TAPEm  I
J = 1 ,N
YES
K -J A (J )
M X «M Z
M Y = M N 0 2
L LC =K C (J)f
N P (I> -N P(K )
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*or K Y (J) 
D < K U (J)ând  
L L C < 0  o r 
K X (J)>LW (J) 
a n d  L C C > 0
TABLES-U. SUBROUTINE OUTPUT (Cont.)




A 1=K C (J)





H E A D IN G
K Z=0
LINE=LINE+1
Y e , Y e ,
M Y -M N Q 5
Y e ,
N o
’u n e h :N N (l) .
IN (K )K C (J)y
iPrlnr o n  Tope 




TABLES- n .  SUBROUTINE OUTPUT (Cont.^
N o
Ye* 61
’r in t o n  Top 
N (I) ,N P (I)
Ye:
Ye*
'unch  Node*i 
on  Tope /
Prinf=





N O D ES
D O
N o




TABLES-11. SUBROUTINE OUTPUT (Cont.)
N o
PRINT




"E N D "
L ab e lin g
N o d es
Prin t 































TABLE 5-12. SUBROUTINE LABEL (Cont.)
Ye*





































5 ,4  Data R equirem ents
The b a s ic  o b je c t iv e  o f  t h i s  model i s  to  d e te rm in e  how th e  d e s ir e d  le v e l  
o f  netw ork  s e rv ic e  can  be m ost e f f i c i e n t l y  p ro v id e d  to  th e  m e tro p o li ta n  
a re a  a t  th e  l e a s t  c o s t .  I n  th e  accom plishm ent o f  t h i s  o b je c t iv e ,  th e r e  a re  
c e r t a in  p rim ary  c o n s id e r a t io n s  t h a t  have to  be made. F i r s t  th e  s e le c t io n  
o f  so u rces  and tre a tm e n t p la n ts  can be m o d ifie d  depend ing  on q u a l i ty  and 
tre a tm e n t re q u ire d .  The s e le c t io n  o f  so u rc e s  and th e  re q u ire d  tre a tm e n t 
can be m o d ified  in  p a r t  to  f i t  th e  netw ork .
S econd ly , th e  c o s t  in d e b te d n e ss  o f  e x i s t in g  f a c i l i t i e s  i s  f u l l y  c o n s id e re d  
as  i s  th e  o b so le scen c e  o f  th e s e  same f a c i l i t i e s .
T h ird ly , i f  a l t e r n a t i v e s  a r e  to  be c o n s id e re d , th e n  th e  f e a s ib l e  lo c a t io n s  
f o r  th e se  f a c i l i t i e s ,  w i th in  th e  netw ork , m ust be known p r i o r  to  a model ru n .
By e s ta b l i s h in g  th e  minimum flo w , c e r t a in  c o n s t r a i n t s  on th e  netw ork can  be 
e x e rc is e d  on th e  ne tw ork  when c o n s id e r in g  p roposed  and e x i s t i n g  f a c i l i t i e s .
The u se  o f  a z e ro  minimum flow  i s  used  to  e x p lo re  th e  f e a s i b i l i t y  o f  p roposed  
l i n k s .  S in ce  th e  s o lu t io n  may in d ic a te  a z e ro  flow  on a p roposed  l i n k ,  
w hich means t h a t  i t  i s  n o t  econom ica lly  f e a s i b l e ,  th e  d e te rm in a tio n  o f  obso­
le sc e n c e  o r  f e a s i b i l i t y  o f  each l i n k  can be  d e te rm in e d . A lso , by e s ta b l i s h in g  
a s e t  minimum, p o l i t i c a l  j u r i s d i c t i o n s  can  be h e ld  to  p ro v id in g  a  c e r t a in  
le v e l  o f  s e r v ic e  w i th in  th e  n e tw ork . The r e v e rs e  i s  a l s o  a v a i la b le  when one 
w ish es  to  exam ine th e  econom ics o f  r e la x in g  one o r  more p o l i t i c a l  c o n s t r a in t s  
i n  fa v o r o f  m e tro p o li ta n  so u rc e  and tre a tm e n t p l a n t s .
F in a l ly ,  th e  maximum flow  o r  c a p a c ity  can  a l s o  be u sed  to  e x p lo re  
a l t e r n a t iv e s  and c o n s t r a i n t  r e s o u rc e s .  The maximum flow  o f  each l i n k  can 
be s e t  a t  th e  e x i s t in g  c a p a c i ty  o f  each l i n k  o r  t h a t  c a p a c i ty  a f t e r  a p lanned  
ex p an sio n . The maximum flow  can  a l s o  be u sed  to  c o n t r o l  th e  d e s ire d  lo a d in g
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o f  a n a tu r a l  r e s o u rc e  w ith o u t ex ceed in g  i t s  c a p a b i l i t i e s .
The d a ta  re q u ire m e n ts  f o r  th e  ru n n in g  o f  th e  model a re  fe d  i n t o  th e  
model by each  a r c .  The a r c s  a re  a l s o  grouped f o r  each  p a i r  o f  nodes w ith in  
th e  netw ork . T h is  p ro ced u re  g iv e s  th e  model a h ig h  gaming c a p a b i l i t y  when 
a l t e r n a t iv e s  a r e  b e in g  e x p lo re d .
The f i r s t  s te p  in  th e  e s ta b l is h m e n t o f  th e  d a ta  re q u ire m e n ts  o f  t h i s  
model i s  to  s e t  th e  nodes o f  th e  n e tw o rk . The nodes a r e  e s ta b l i s h e d  f o r  each  
f a c i l i t y  w ith in  th e  n e tw o rk . The f a c i l i t i e s ,  p r im a r i ly  p ip e l in e s ,  can  be 
b roken  a p a r t  to  f i t  SAU, p o l i t i c a l  j u r i s d i c t i o n s ,  o r  b a s in s  i f  d e s i r e d  f o r  
com plete  a n a ly s i s .  I t  m ust be remembered th a t  a d e t a i l e d  ne tw ork  i s  b u i l t  
u s in g  s u c c e s s iv e  ru n s , and th e  n e tw ork  sh o u ld  be k e p t a s  s im p le  a s  p o s s ib le  
w ith  each s te p  ( s e e  F ig u re  5 -3 ) .
A su p e r so u rc e  and su p e r  s in k  a r e  p ro v id e d  and co n n e c te d , a t  no c o s t  to  
e n su re  c o n t in u i ty  o f  flo w , o r  in  o th e r  w ords, th e  flow  in t o  and o u t o f  a node 
h as  to  be acco u n ted  f o r .  An a rc  i s  e s ta b l i s h e d  f o r  each  o f  th e  in p u ts  and 
e x h au s ts  f o r  each  node. The c a p a c i ty  o f  t h a t  node i s  th e re b y  e s ta b l i s h e d  by 
th e  summation o f  th e  minimums by th e  u p p e r and low er bounds o f  th e  in p u t  
and ex h au s t a r c  g roups f o r  each  node . C are m ust be e x e rc is e d  in  th e  e s t a b l i s h ­
ment o f  th e  netw ork  so t h a t  i t  i s  r e p r e s e n ta t iv e  o f  th e  e x i s t in g  n e tw o rk .
The d a ta  re q u ire m e n ts  f o r  th e  so u rc e  and s in k  nodes w ith  t h e i r  c o n n e c tin g  
l in k s  w i l l  have now been s a t i s f i e d .  The n e x t  s te p  i s  th e  a ss ig n m en t o f  th e  
u p p er and low er bounds f o r  th e  flow  in  each  l i n k .  The bounds can  be s e t  
anywhere from z e ro  to  9999 m i l l io n  g a l lo n s  p e r  day (MGD). I f  z e ro  i s  u s e d , 
th e  s o lu t io n  w i l l  be eq u a l to  o r  g r e a t e r  th a n  z e ro . When e s t a b l i s h in g  a 
f ix e d  c o s t  o r  when i t  i s  d e s i r e d  t h a t  a p la n t  be u sed  a t  l e a s t  to  i t s  d e b t
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Some upper and low er bounds 
o f p reced ing  a r c .  V ariab le  
cosf sef to trea tm en t co s t.




Fixed cost 2-2  





■>< node Q gQji
V ariab le  cost 0  -  C ap ac ity
0 -A v g . d a ily  
c a p a c ity
P ipeline Treatm entSource
Flow -  Total av a ila b le  plus 
summation of a ll fake flows
F o r p ro p o sed  p l a n t  s e t  lo w er bound 
e q u a l to  z e ro  i f  re p la c e m e n t p la n t
u p p e r  bound i s  s e t  to  c a p a c i ty  o f  l i n k
Figure 5 -3 .  Example Flow N et.
l i m i t ,  a  minimum flow  can  be s e t .  I f  a  s p e c i f i c  flow  I s  d e s i r e d ,  th e n  th e  
u p p e r and low er bounds a re  b o th  s e t  eq u a l to  t h a t  flo w .
S ince  th e r e  a r e  no l i m i t s  to  th e  number o f  l i n k s  e n te r in g  o r  d e p a r t ­
in g  a  node , a lth o u g h  each  node m ust have a t  l e a s t  one l in k  e n te r in g  and one 
l in k  d e p a r t in g ,  a f u l l  ran g e  o f  p o s s i b i l i t i e s  a r e  a v a i la b le  f o r  each  o f  th e  
f a c i l i t i e s .  The f ix e d  c o s t  I s  s e t  by a s s ig n in g  1 MGD to  bo th  th e  u p p e r and 
low er bounds o f  one o f  th e  l i n k s .  T h is  MGD I s  th e n  added to  a l l  th e  f ix e d  
so u rce  l in k s  t h a t  fe e d  I t  so t h a t  I t  does n o t  a f f e c t  th e  a c tu a l  flow . T h is  
netw ork  I s  r e f e r r e d  to  a s  " fa k e  f lo w s" . The v a r ia b le  flow s can  be a s s ig n e d  
a c o s t  $/MGD, and th e  minimum and upper bounds a s s ig n e d  from 0 to  9999 MGD.
The on ly  c o n s t r a i n t  I s  th a t  th e  u p p er l i m i t  m ust be g r e a t e r  th an  o r  eq u a l to  
th e  low er bounds. Z ero  c o s t  a r c s  can be added to  p ro v id e  c o n t in u i ty  a n d /o r  
a c e r t a i n  d is a g g re g a t io n  o f  a r c s .
A f te r  th e  c a p a c i t i e s  have been a s s ig n e d , th e  rem ain ing  d a ta  re q u ire m e n ts  
a re  added to  each  o f  th e  l i n k s .  T h is  I s  th e  c o s t  o f  t h a t  l i n k  In  d o l l a r s  
p e r  m i l l io n  g a l lo n s  p e r  day ($/MGD). T h is  c o s t  d a ta  shou ld  be th e  a c tu a l  
c o s t  d a ta  In  a l l  c a s e s  p o s s ib le .  I f  th e  a c tu a l  c o s t  d a ta  I s  n o t a v a i l a b l e ,  
th en  I t  sh o u ld  be  e s t im a te d  u s in g  s ta n d a rd iz e d  p ro c e d u re s . I f  th e  v a r ia b le  c o s t  
I s  a l i n e a r  f u n c t io n  t h a t  depends on th e  s i z e  o f  th e  f a c i l i t y ,  a s  In  t r e a t ­
ment p l a n t s ,  th e n  an e s t im a te  h a s  to  be made I n i t i a l l y  as  to  th e  s i z e  n eed ed .
A fam ily  o f  c u rv e s  I s  developed  based  on th e  c o s t  p e r  flow  (se e  F ig u re  5 -4 ) .
The u p p er and lo w er l i m i t s  a re  s e t  to  th e  c a p a c i ty  ran g e  o f  th e  e s tim a te d  
p la n t  s i z e .  The s lo p e  o f  t h a t  p a r t i c u l a r  c u rv e  I s  e n te re d  as  th e  c o s t  f o r  
t h a t  l i n k .  A f te r  th e  ru n , th e  l i n k  r e s u l t s  a r e  exam ined. I f  th e  r e s u l t s  
show th a t  th e  p la n t  I s  b e in g  used  to  f u l l  c a p a c i ty ,  th e n  th e  l in k  I s  d e s i r a b l e  
and a l a r g e r  f a c i l i t y  cu rv e  I s  u se d . I f  I t  I s  n o t b e in g  u sed , th e n  a  s m a lle r
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Figure 5 -4 .  Linear Cost FuncHons.
f a c i l i t y  cu rv e  can  be t r i e d .
One approach  t h a t  h a s  p roven  e f f e c t iv e  i s  to  ta k e  th e  l a r g e s t  f a c i l i t y  
cu rv e  and minimum c o s t  and s e t  th e  low er bounds e q u a l to  z e ro . A f te r  th e  
f i r s t  ru n , s e t  th e  l i n k  c o s t  eq u a l to  th e  f a c i l i t y  c u rv e  s lo p e  th a t  th e  
r e s u l t s  d i c t a t e .  Then run  th e  model a g a in  to  v e r i f y  th e  r e s u l t s .
F u tu re  c o s t  d a ta  can  be a c q u ire d  a p p ly in g  th e  E n g in ee rin g  News-Record 
B u ild in g  C ost In d ex  to  th e  a c tu a l  and d e r iv e d  c o s t  d a ta  (2 4 ) . T here a re  
o th e r  methods u sed  f o r  d e r iv in g  and p r o je c t in g  c o s t  d a ta .  No a tte m p t w i l l  
be made to  su g g e s t t h a t  one method i s  b e t t e r  th a n  a n o th e r  in  t h i s  r e p o r t .
The methods b e s t  u n d e rs to o d  and used  by th e  u s in g  agency shou ld  be a p p l ie d .
The method u sed  h e re  i s  th e  one c u r r e n t ly  b e in g  u sed  by th e  a u th o r .
5 .5  D ata A rrangem ent
The d a ta  a re  a r ra n g e d  in  g roups o f  l in k s  o r  a r c s  f o r  each p a i r  o f  n o d es .
One c a rd  i s  u sed  f o r  each  a rc  u s in g  th e  fo llo w in g  fo rm at:
C o l. 1 - 6  B lank
C o l. 7 -12  Name o f  so u rce  node i .  A ll  d i f f e r e n t  com binations  o f  
c h a r a c te r s  in c lu d in g  b la n k s  f o r  each  name.
C o l. 13-18 Name o f  s in k  node j .  Same c h a r a c te r  a v a i l a b i l i t y  as  
so u rc e  node i .
C o l. 19-20 B lank
C o l. 21-30 U n it c o s t  o f  sen d in g  flow  from so u rc e  i  to  s in k  j  a long  
t h i s  l i n k ,  $/MGD.
C o l. 31-40 U pper bounds o f  f lo if  f o r  t h i s  l i n k ,  MGD.
C o l. 41-50  Lower bounds o f  flow  f o r  t h i s  l i n k ,  MGD.
C o l. 51-60 In p u t flow  f o r  t h i s  l i n k ,  u s u a l ly  s e t  to  z e ro . I t  i s  used  
on ly  i f  a  s in g le  in p u t  to  th e  node h as  been e s ta b l i s h e d .
A ll f i e l d s  a r e  r i g h t  hand  j u s t i f i e d .  A l i s t i n g  o f  th e  in p u t  used  to  v e r i f y





SS I AS 2 0 159 159
AS 2 ATUA3 3031 1 1
AS 2 ATÜKA3 45 50 50
AS 2 ÜXAP 4 2uU0 1 1
AS 2 CiiAP 4 22 5 5
AS 2 KUGU Ô 5205 1 1
AS 2 HUGÜ a 27 30 30
AS 2 FTSYIO 142 1 1
AS 2 FTSYIO 2 9 9
AS 2 CAN 12 407 1 1
AS 2 CAN 12 2 16 16
AS 2 UVH 13 606 1 1
AS 2 ÜVH 13 4 20 20
AS 2 ;a; i s 447 1 1
AS 2 i.N 15 7 22 22
aTu ;,a3L1;AP 4 1512 1 1
ATùi\M3L.\AP 4 3 60 0
aT U a 3ASSK2Ü Ü 60 0
CXA? 41/.IAP 5 1 2 2
L,;AP 4 Ai: 22 1 30 0
L,(AP 4aN 22 U 60 3
AK 22UAP 5 Ü 90 0
I.UGu JNTPE 9 1472 1 1
liJGj wLTl'E 9 4 30 0
f t s y iü Caî; 12 3 1 1
f.TSYlüCAI. 12 1 9 0
KTSYlÜAS 11 0 9 0
CAi. 12ÜVN 13 2 1 1
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CA;. 12ÜVII 13 1 25 0
CAN 12mS II c 25 u
L.VH 13UTP 16 1 1 1
UVH 13ÜTP 16 1 26 0
Lvi: 13i;ef h » 2 1 1
UVii 13HEF 14 1 25 15
LVI: u a S 11 0 45 0
HEF UHTP U 1 1 1
l:EF HiiJïl» lb 1 42 0
’..'.1 15ÜTP 16 234 1 1
15UTP 16 11 22 0
15ASCK20 0 22 0
CHAP 5Ck/*P 6 294 2 2
CHAP SCkAP 6 2 60 0
LTPE yCiUP 6 120 1 1
CTPE 9C.5AP 6 2 30 0
AS 1IASSK20 0 69 0
OTP 16ÜTP 17 270 2 2
UTP I60TP 17 2 30 0
HIP IbHTP 19 212 1 1
ilTP IbllTP 19 3 42 0
CHAP 6ÜKC 7 2 74 3 3
CHAP 6ÛXC 7 1 90 0
UTP 170XC 7 269 2 2
uTP 1 7UXC 7 1 30 0
IlTP I9UXC 7 307 1 M
UTP l9oKC 7 1 30 0
UKC 7ASSK20 C 94 94
a SSX2üSS;< 21 0 159 159







The l i s t i n g  o f  th e  model i s  shown on th e  fo llo w in g  p ag es .
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HOC IIAIK ROUTINE CF KS 0KF3 CUT OF KILTER NETWORK ROUTINE
120 FILENAME Wi
122 FILEUAIÆ KA
130 CUlUiOi: M :( S 0 0 ) ,N P ( S 0 0 ) .1 L (  S 0 I ) , J L (  S O D . I sX 5 C 0 ) ,I :L (  SOO).
140 & J |(IO O O ).K C (100L ').K U (IO O O }.K X (IO O O }.JA (1000} .1U (IO O U ).L V ;(IO O O ).
ISO & L C (b } .K A (l2 ,2 ).K U (9 ).IX (9 } .N ,N .L E R .K A T ,K U K ,K T E K .M |N E .IF IN .K I.K O .K
160 f i l e i ;a ;:e k o r ,  ku
170 INPUT. KLk
WO INPUT, KU
I90C lUkXltlUt: NUCES-NODNAX- O lliE N SlU j OF I.N NP I J  N l—  +1 FUR IL JL
2 0 0  1 (0 (5 ) = 500
2 1 OC "MAXIMUM AiiCS-Ai(CMAX- UIMENSIUN OF J l  KC KU KX JA lb  LW
2 2 0  K 0 (4 )  = 1000
2300  INFINITY
2 4 0  IF IN  = 2 1 4 7 4 0 3 6 4 7
2 5 0 0  ERROR NUMÜERS O N  LEK)
26 0 0  I TRIVIAL (TRAKSPURTATIUN PKUbLEM)
2 700  2 OAi(D PUNCHING ERRUK WHICH P.AY OE RECOVEIiAULE
2 300  3 ERROR NOT RECUVERANLC. OUT CARO READING JIAY CONTINUE
29 0 0  4 CATASTROPHIC EhU<UR- RUN MUST OE SKIPPED
3 000  - I  (AFTER SOLVE) PRUDLEM INFEASAltE
3100  - 2  KICKED OFF BY TIME LIMITATION
3200  - 3  OVERFLOW IN NODE Pk ICES
330  K Q (6)=0
3 4 0  K 0 (9 )= 0
3 5 0  KAT=0
360 100  L=1
370 101 CALL PKELIM (KS.L)
3 3 0  IF  (K S .N E .O ) GO TO 1
390  2 0 0  CALL ARCRD(L)
4 0 0  IF  (L E R .G E .4 ) GO TO 88
4 1 0  IF  (L .E Û .O ) GO TO 1
4 2 0  3 CALL NÜOEKO
4 3 0  1 IF  (K A T.EO .U .O R .N .EQ .O ) GO TO 8 7
440 CALL POSTRD
4 5 0  CALL SO LV E(K E).
460  IF  (L E R .G T .O ) GO TO 88
4 7 0  199 CALL OUTPUT (KE)
4 3 0  CO Tu 100
4 9 0  8 7  I.R 1T E (K 0 ,59)
500  LER=4
510 08 l(AT=0
520 W RITE(KU.5C) LER
530 8 9  I  =  IU 0 K U P (K A (I ,I ) )
540 1 F ( L .E 0 .1 .U k .L .E ( ) .4 .0 K .L .E Q .6 .0 R .L .E 0 .7 .U i< .L .E Q .1 5 )  CO TO 101
550 READ (K 0 |: . ,5 I )K A (1 .I )
560 GO TO 39
570  51 FORMAT(NÔ)
5 6 0  58 FO.iiAT( 5H0TYPL, 16,2411 ERROR. SKIP TU NEXT RUN)
5 90  59 F0.O i/\T (30ll rtl;C DATA II. THIS RUN )
6 0 0  INN
READY
EO I L IS  P R E L IM
100 SUBROUTINE PR E L IM K S .L )
HOC READ PRELIHII.ARY CONTROL CAROS 
12b F1LEIUU£ NX
122 F IL E IW £  KA
130 C O C m  NIK SO O ).l:P ( S O Q ).IL ( S O I ) .J L (  5 0 1 ) . I J (  5 0 0 ) . NL( SOO).
140 & J I ( |0 0 0 ) .K C (IO O C ).K U (IO O O ).K X (IO O O ).J A (IO O O } .lb (1 0 0 0 ) .L L (1 0 0 0 ) .
ISO & L C (6 ),K A (1 2 .2 ).K Q (9 ).IX (S } .( '< .N .L E K .K A T .K U R ,K T E R .M N E .1 F IN ,K 1 ,K C .K




2 0 0  W IT E (K 0 .9 6 )
2 ) 0  CALL CUTOFF(LL)
220  I F ( L L .I iE . I )  GO TO 20
2 30  I I  WRITE (K G .9 7 )
24CC - ENG JOB
2 5 0  IBO IF  ( K Q ( 6 ) .E 0 .0 )  GO TO 182
2 6 0  181 K2=KQ(2)
2 7 0  WRITE (K O .9 6 )
2 6 0  GO TO 163
2 9 0  182 lA IT E  (K O .9 9 )
300  183 STOP •
31OC READ A CONTROL CARD
3 2 0  21 READ ( K O I ; .9 0 ) ( K A ( I .1 ) . I = 1 ,I 2 )
^  330 IJ tlT E  ( K 0 , 9 1 ) ( K A ( I ,1 ) . I = 1 .1 2 )
. 340  L=LU U K U P(K A (1,I))
'O  3 5 0  2 0  I F ( L .E Q .I S )  CO TO 180
3 6 0  IF  ( L .E 0 .1 7 )  GO TO 21
3 7 0  ■ IF  (L .G T .7 )  GO TO 110
3 8 0  GO TO ( 2 1 . S O .1 1 0 . 6 . 1 1 0 . 6 . 6 0 ) . L
390C TITLE
4 0 0  n o  DO 112 1 = 1 .1 2
4 ) 0  112 K A ( l .2 ) = K A ( l . l )
4 2 0  GO TO 21
43CC SAVE
440  SO KS=1
4 5 0  RETURN
460C ARCS
4 7 0  6 0  KAT=1
450  RETURN
490C SKIP
5 0 0  6  IF  (K O (9 ).N E .O ) GO TO 7
510  2 K Q (9)= I
530  7 IF  (L .H E .4 )  GO TO 13
550 GO TO 21
560C SKIP
570  13 READ (K 0 3 .9 2 )K A (1 .1 )
560  IF  ( L o O K U P ( K A ( l .I ) ) . / ;E .I6 )  GO TO 13
590  CU TO 21
6 0 0  90  FORMAT(12A6)
610  91 FOR(U.T(12A6)
6 2 0  9 2  FURNa T ( A 6 )
630  96  F U R N A T ( / / / / / / / / / / )
64b S7 fU .;IV .T(24i: TINE LIMIT EXCEEGLO )
6 5 0  9 6  F U K I : ; . 1 ( 3 1 I I U r I : .Er VXI; W E  UAL ÜEEI;  l ; M  T T E I . / / / 1 I I 0 )
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6 1 0  lL ( i« t)= r i
62 0  9  K=NUOCKO ( K A ( 3 .D )
6 3 0  IF  (K .G T .H ) K=H*1
6 4 0  KN{K)=KA(3,1)
6S0 JA (IUI) = K
660  GO TO 06
670C ARCS OUT OF ORDER. SLICE THEM DOWN
6 6 0  10 LRITE (K O .9 1 )  K A ( 2 .1 ) .K A ( 3 .U
69 0  LER = IUX 0(LER>2)
700 KK=K*1
710 DO IC I l=KK,M1
720  1 L ( I ) = 1 L ( I ) + I
730 101 CONTINUE
740 KK= IL (K + I)
750 CO 102 JJ=KK.N
760 J  = ti-JJ+K K
770 K C (J )= K C (J - I )
7Ô0 K X (J )= K X (J -I )
790  K U (J)= K U (J-1 )
6 0 0  L l l ( J )= L W (J - l )
_  8 1 0  J A ( J ) = J A ( J - 1 )
8 2 0  102 CONTINUE
8 3 0  i:H=KX-1
8 4 0  K C (1U :)= |X (1)
85 0  K U (M ;)= IX (2 )
8 6 0  IW (1U :)= IX (3)
87 0  K X (IU :)= IX (4)
8 8 0  CO TO 9
890C ERROR tfSSA G ES
90 0  4  NM=N+I
9 1 0  WRITE (K 0.92IN M
920 m i  TE (K O .9 3 )  (K A (1 . 1 ) . 1 = 1 , 3 ) . ( I X ( I ) . 1 = 1 . 4 )
9 3 0  LER = MAX0(LER.3)
94 0  IF  (K .N E .2 0 )  RETURN
9 5 0  GO TU 6
9 6 0  2 0  WRITE (K O .6 9 )
9 7 0  2 5  LER= 4
9 8 0  RETURN
990 2 3  WRITE (K C .8 6 )  II.K O (S )
1000 GO TO 25
1010 88 FORMAT!5H * * * * .I6 .3 0 H  NUDES IN THIS RUN MAXIMUM I S . 1 6 )
1020  8 9  FURIWT(30H0TIXJ 1JU;Y ARCS III THIS RUI * * " * )
1030 90 FûÂ i.A T (3A 6.2X .4.110)
1040 91 FOlU'.AT(36H «*SUURCE NODES NUT ADJACENT IN ARC A 6 .1 X .A 6 )
1050 92 FORMAT(29H * * * fI£ L D  ERRUK IN ARC NUMBER.1 6 )
1060 93 fO f;/À T ( I X . iA 6 .2 X .4 I I 0 / I X )
1070 94 FORMAT(24H  *I.U tjiC DEGIRS AT NUDE a 6 )
1060 END
READY
EOI L IS  NOOERDI
ICO SUBROUTINE NCDERO
HOC NODE READ. READ NUDE DATA CARDS
I I S  FILENAijE KOR. KO
130 CONNCN W i(* 5 M ) ,N P (  5 0 0 ) , IL (  5 0 I ) . J L (
1 4 0  &  j | < I O O O ) , K C ( I O O O ) , K U C 1 0 0 0 ) , K X ( I O O O ) . J A ( I O O O ) , I B ( I O O O ) , H . { I O O O ) ,
ISC & L C (o ) ,K A { I2 ,2 ) ,K a (9 ) .IX (9 ) .li ,H ,L E R ,K A T ,K U R ,K T E R ,U lN E ,IF IN ,K I ,K 0 ,K
160 1 = 0
170 0 3  1 = 1*1
160 READ (X Ü R .90) K A (I. 1 ) .K A ( 2 .1 } . I X ( I )
190 K£YW=LUOKUP(KA(l.l) )
2 0 0  I F (  K E Y lt.E Q .IC ) RETURN
2 1 0  1FIK EY W .N E.I7) GÜ TO 2
220 K=:iODEKC(KA(2.l ) )
2 3 0  IF  (K .G T .H ) CU TU 6
2 4 0  5 IJ> (X )= 1 X (I)
2 5 0  GO TU 03
2 6 0  6  l a iT E  (X G .9 I )  K A (2 .I )
2 7 0  10 LER= tUIXO (LER.I)
2 3 0  GU TO 03
2 9 0  2 LRITE ( K 0 ,9 2 ) l .K A < I . I ) . K A ( 2 . I ) , I X ( I )
3 00  LER = ilA X 0(LER ,2)
310 IF  (KEYW .NE.20) GO TU 99
3 2 0  GO TU 10
3 3 0  99  RETURN
3 4 0  9 0  FO R M A T(2A 6,8X .IIO )
350  91 FORMAT!7H «NUDE ,  A 6 .I2 H  NOT IN  ARCS )
3 6 0  92 FORMAT(34H ««FIELD ERROR IN  NODE CARD NUM BER.I6/IH  2 A 6 .3 X .I I 0 )
370  END
READY
EOI L i s  RDDTKni—  ‘ '
100  FUNCTION NOOENO(II)
HOC FIND NODE NUMBER Uf NODE GIVEN
120 REAL I I
125 FILENAME NN, KA
130 c o r ;x 4 i  n i;(  5 0 0 ) .n p (  s o o ) . i l (  5 0 1 ) . j l (  50 1 ) . i j (  5 00 ) . n l (  s o o ) .
140 & J I (1 0 0 0 ) .K C (IO O O ).K U (IO O O ).K X (lù O O ).JA (IO Ü U ).Ib (1 0 0 ü ) .L l.(1 U U O ).
150 t  L C (C ).K A (1 2 .2 ) .K Q (9 ) .IX (9 ) .i; ..N .L E R .K A T .K Ü B .K T E K .M IN E .IF lN ,K l.K ü .K
160 LOGICAL EQUAL
170 IF  (M .EC .O ) GU TU 3
ISO CU 1 A=I.M
190 IF  ( E Q U A L ( im ( l ) . l l ) )  CO TU 2
2 0 0  I CONTINUE
2 1 0  3 i:uuE i:u= .:* i
2 2 0  RETUiiN
2 3 0  2 NUO£i:U=l
2 4 0  RETUt-.l.




HOC READ POST-DATA CONTROL CARDS 
1 20  flLElUWÆ NR.KA
125 FILEIUUiE KOR. KU
130 COlEiOR Rh( 5 0 0 ) .NP( 5 0 0 ) . IL (  5 0 1 ) . JL (  5 0 1 ) . I J (  5 0 0 ).M L ( 5 0 0 ) .
140  & J l ( 1 0 0 0 ) . KC(IO OO).KU(IO OO).KX( 1 0 0 0 ) , JA{ 1 0 0 0 ) .  1 0 ( 1 0 0 0 ) ,L W n 0 0 0 ) .
1 50  & L C (a ) .K A (1 2 .2 ) .K Q (9 ) .IX (9 ) .t1 .» .L E R .K A T .K U R .K T E R .n iN E .IF IK ,K I .K 0 .K
IÔOC OUTPUT FLAGS
1 70 DO 15 1 = 1 .8
ICO L C (I )= 0
1 90  19 CONTINUE
2 0 0  K U (7)= I
2 1 0  K 0 (8 )= 0
2 2 0  2 0  READ (K 0 i:.9 5 )(K A ( 1 .1  ) . !  = ! . 3 ) . ( I X ( I  ) . 1 = 1 , 5 )
2 3 0  L =  LOOKUP(KACI.D)
U1 2 4 0  IF  ( L .E Q .1 8 .0 K .L .E Q .I 7 )  GO TO 140
^  2 5 0  iJ tlT E  (KO. 88)KA( 1 . I ) .K A (2 .  I ) . KA(3 .  I )
2 6 0  IF  (L .E Q .9 )  GO TO 121
2 7 0  IF  ( L .E Q .1 '4 .U R .L .E 0 .5 .0 R .L .E Q .1 3 )  GO TO 111
2 6 0  IF  (L .E Q .3 )  CU TU 300
2 9 0  CO TU 2 0 0
300C COI PUTE
3 1 0  111 IJ1ITE (K O ,9 3 )0 .1 :
320  IF  ( L .E Q .I 4 )  K ü (8 )= 1
330 IF  (L .E Q .1 3 )  K Q (6)= 2
3 4 0  9 9 9  RETURN
350C SET OUTPUT CONTROL
3 6 0  121 L = L 00 K U P (K A (2 ,1 )) - 9
3 7 0  IF  (L .E Q .1 0 )  GO TO 02
360  IF  (L .L E .0 .U R .L .C T .3 )  GO TO 2 0 0
390  81 L C (L ) = I
4 0 0  GO TO 20
4 1 0  82  K Q (7) =0
4 2 0  CU TU 20
430C ALTER
4 40 140  IF  ( I X ( I ) . L T . I )  I X ( t ) = i
4 5 0  142 1.RITE ( K U .9 I ) ( K A ( I .1 ) . I = 1 . 3 ) . ( 1 X ( I ) . 1 = 1 . 5 )
4 6 0  tl1 = tlU 0 E K U (K A (2 ,l))
4 7 0  (I2=IIUUENU(KA(3.1))
4 3 0  IF  ( R t .L E . i :  .A ::U . K 2 .L E .I :)  GO TO 145
4 9 0  144 UKI TE (K U .9 2 )
5 00  LEK =tU X 0(LER .3)
S10 GO TO 20
5 2 0  U S  L I = IL (N 1 )
5 3 0  L2 =  I L ( M U I )  -1
5 * 0  I f  (L 2 .L T .L D C 0  TO U *
550 U 6  0 0  U 7  L L = L I.L 2
5 5 0  IF  ( J ( L L ) .N E .I ;2 )  go to  U 7
5 7 0  I X ( I ) = I X ( U - I
580  I f  ( I X ( D .E U .O )  GO TO U 9
590  U 7  CONTINUE
5 0 0  GO TO U L
61 0  U 9  K C (L L )= IX (2 )
5 2 0  K U (L L )= IX (3)
5 3 0  L W (L L )= IX (*)
5 * 0  K X (LL)=:<X (LL)«IX (5)
5 5 0  GO TO 20
550C REfNOD
5 7 0  300  L =N 0C E N 0(K A (2 .D )
5 8 0  I f  (L .G T .M ) GU TO 301
5 9 0  XAT=L
700 GO TO 20
710  301 h 'R IT E (K 0,9*} K A (2 .I )
720  LER= MAXO(LER.I)
730  GO TO 20
7*00  CARD POUCHING ERROR 
750  2 0 0  LER=HA X0(IER,3)
750 OKITE (K C .& 7 )K A C 1 .1 ) .K A (2 .I ) .K A (3 .I )
770 IF  ( L .H E .2 0 )  RETURN
7(iO GO TO 20
790  8 7  fORMATdCII •••ILLEG A L CARD = 3A 5)
8 0 0  88 fO R IlA T(1X .3A 5)
8 1 0  91 FORMAT( IX .3 A 5 .1 2 .5 1 1 0 )
8 2 0  92 fORi!AT(*2ll •••A R C  OH AOOVE ALTER CARD HOT DEFINED
8 3 0  93 F0RlUkT(12H HU UF AKCS=I5. 1311 HO OF N 00E S = I5)
8 * 0  9* FORMAT(911 • •  HOOE A 6.12H  NOT IN ARCS )
8 5 0  95  F 0 P M A T (3 A 6 .I2 .5 I1 0 )
8 6 0  END
READY
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6 0 0  2 CONTINUE
61 OC IfSSAGE FOR NON ZERO CIRCULATION 
6 2 0  OU S 1 = 1 .M
63 0  IF  ( I .L ( I ) .N E .O )  U R IT E (K U ,90) N t;( I )  .N L ( I )
6 6 0  IF  ( N L ( I ) . I X .O )  LER=t'iAXO(LER.t}
6 5 0  5 CONTINUE
6 6 0  KE=0
6 7 0  IF  (L E R .G T .K 0 (8 ))  RETURN
6Ô0 K lE =0
6 9 0  1=1
700C TRY TO CRING ALL ARCS INTO KILTER 
710 GO 2 6  K =I,N
720 IF  T K .G E .IL ( I« 1 )>  1=1+1
730 CALL CUTOFF(KFX)
760 IF  (X F X .E C .I)  CO TO 16
750 CALL KILTER ( I )
760 I f  ( L £ h . E Q , i - 3 ) )  CO TO 26
770 IF (L E R .K E .O ) KE=KE+I
700 IF  (K E .N E .l)  GO TO 26
790 IX (û)= K
^  8 0 0  IX (9 )= 1
r% 8 1 0  2 6  CONTINUE
Ot 820C COMPLETEG CHECKING ALL ARCS
8 3 0  LER=-HIN’0 ( I .K E )
8 6 0  99 IF  (K E .E O .O ) GO TO 100
8 5 0  K = IX (8 )
8 6 0  CALL K IL T E R (IX (9 ))
870C RESTORE KC. KX. KU
880  100  IF  (K L E .N E .O ) LER = - 2
890 1=1
9 0 0  0 0  101 J= 1 .N
910  IF  ( J .G E .I L ( I + 1 ) }  1=1+1
920  K = JA (J)
9 3 0  K U (J)= K U (J)+ L U (J)
9 6 0  K X (J)= K X (J)+ L N (J)
9 5 0  K C (J}= X C < J)-N P (I)+ N P (K )
960  101 CONTINUE
9 7 0  KETUi./;
980  16 KLE=1
990 L=JA(K)
1000  lUUTE (K U .5 3 ) W .( I ) ,K N (L )
1010  GU TU 95
1 020  26 L=JA (K )
1C30 im iT E  (K U .5 6 ) l iN ( I ) .N lK L )
1060 GU 10 100
1050 51 FO HIATOll ••ARC A 6 ,1 X ,« 6 ,3 6 H  HAS LONER bUUHL GREATER THA.N UPPER )
1060 53 FüK!AT<i3IIOjiJÜ CUTOFF liY TINE L U .IT OH A.{C A 6 .1 X .A 6 )
lO /U  56 FO..irf,T( j3IIOuVci.FLt.;. IN 1 oLL I'.ilC N b ON <-:C NO. IX ,AC)
ICuO 90 FUNIATC/I! •I.OLE « (..Z iill l.U Ii-ClilJStl.VATIV£, NET F L 0N = H 2)




100  SUBROUTINE KILTER ( I )
HOC BRING ARC K INTO KILTER 
120 F lL E N M f NH.KA
125 FILENAME KOR. KO
130 COtSWN NN( 5 0 0 ) . IIP( 5 0 0 ) . IL (  5 0 1 ) . JL (  5 0 1 ) . I J (  5 0 0 ) . NL( 5 0 0 ) .
140 & J l ( 1 0 0 0 ) . K C (10 0 0 ) . K U (10 0 0 ) , KX(1 0 0 0 ) . J A ( 1 0 0 0 ) . l b ( l 0 0 0 ) . LW(1 0 0 0 ) ,
150 A L C (i> ) .K A (l2 .2 ) .K Q (9 ) .IX (9 ) .i ; .N .L E k .K A T .K U R .K T E R .H IN E .IF IN .K I .K 0 ,K
ISO 1 IF  ( I J ( l ) . £ 0 . 0 )  CU TU 70
170 | J ( 1 )  = 0
lo o  2 CO 69  J = I .H
190 6 9  K L (J)= 0
2 0 0  70 LER=0
2 1 0  5  IF  (K C (K )) 1 0 .2 0 .3 0
2 2 0  10  IF (K X (K )-K U (K )) 5 0 .4 0 .6 0
2 3 0  3 0  IF (K X (K ))  5 0 .4 0 .6 0
2 4 0  2 0  IF (K X (K ).L T .O ) GO TO 50
2 5 0  IF  (K X (K ).G T .K U (K )) GO TO 60
2 6 0  4 0  RETURN
_  2 7 0  5 0  K l =  JA (K )
U, 2 6 0  KTER=I
2 9 0  I :L (K I)=*K
300  CO TO 65
3 1 0  6 0  K l= l
3 2 0  KTEK = JA (K )
3 3 0  K UK l ) =- K
3 4 0  6 5  CALL LASEL (KBR)
3 5 0  IF  (KUK.EQ.O) GO TU 68
3 6 0  6 7  CALL BREAKT
370  CO. TO 5
380  68  CALL RAISE
3 9 0  39  IF  (LEK) 4 0 .5 .4 0




HOC DUMMY CUTOFF ROUTINE





--------  EDI LIS1UISE1-----
100  SUBROUTINE RAISE
HOC RAISE NODE PRICES OF UNLABELEO NODES RELATIVE TO LABELED 
120 FILEKAKE NN.KA
125 FILETUUÆ KOA.KO
130 C OtlW l MX 5 0 0 ) .N P (  5 0 0 ) . I L (  5 0 1 ) . JL (  5 0 I ) . I J (  5 0 0 ) . NL( 5 0 0 ) .
140 & J l ( 1 0 0 0 ) .K C (IO O C ).K U (10 0 0 ) , KX(1 0 0 0 ) , J A ( 1 0 0 0 ) . I B ( 1 0 0 0 ) . L K (1 0 0 0 ) .
150 & L C (0 ) .K A ( l2 .2 ) .K 0 (9 ) .lX (9 ) .i ; .N .L E R .K A T .K U R .K T E R .n iN E . i r i t i .K I .K O .K
160 LCC6) = L C (6 ) *  1
170 NOEL TA =  IF IN
I BO I= T
190  0 0  24 L = 1 .K
2 0 0  IF  ( L .C E .I L ( I + 1 ) )  1=1+1
2 1 0  J  =  JA (L )
2 2 0  IF  (N L (I ) .E Q .O )  GO TO 2 0
2 3 0  IF  ( N L ( J ) .k E .O )  GO TO 24
2 4 0  IF  (K X (L ).C E .K U (L )) GO TO 24
2 5 0  GO TO 23
2 6 0  2 0  IF  (N L (J ) .E O .O )  GO TO 24
,►-* 2 7 0  IF  (K X (L ).L E .O ) GO TO 24
$  * 2 8 0  2 3  NOELTA = MIMO(NOELTA.IABS(KC(L)) )
2 9 0  24  CONTINUE
3 0 0  NOP = NOELTA
3 1 0  IF  (N O ELTA .N E.IFIN ) GO TO 31
3 2 0  IF  (K C (K ).E Q .O .O P ..1 S IG N (I .N L (K I)) .E O .IS IG N (1 .K C (K )))  GO TO 51
3 3 0  NOELTA = lADSCKC(K))
3 4 0  31 1=1
3 5 0  0 0  4 7  L =I.M
3 6 0  IF  ( L .G E . I L ( I + D )  1=1 + 1
3 7 0  J= JA (L )
3 0 0  IF  (N L (I ) .K E .O )  GO TO 41
3 9 0  IF  (N L (J ) .N E .O )  KC(L)=KC(L)+NDELTA
4 0 0  GO TO 47
4 1 0  41 IF  (N L (J ) .E Q .O )  KC(L)=KC(L)-NDELTA
4 2 0  4 7  CONTINUE
4 3 0  IF  (N L (K A T).EQ .O ) GO TO 5 0
440C REFERENCE NUDE LABELED. ADD NDELTA TO UNLABELEO NODES
4 5 0 .  0 0  49  1 = 1 .M
4 6 0  IF  (N L (I ) .E Q .O )  N P (I ) = t .P ( l  )+M0ELTA
4 7 0  4 9  CONTINUE
4 6 0  CO TO 60
4 9 0  50  0 0  55 1 = 1 .H
5 0 0  IF  (N L (I ) .N E .O )  N P (I)= I!P (1 )-N 0E L T A
5 1 0  55 CONTINUE
5 2 0  6 0  CUNTINUE
53DC TEST FOR OVEKFLUW UF NUDE Pi.IC ES HERE I.IIEN POSSIBLE
540C SET LER = - 3  IF NUDE PRICES OVERFLOW
55C IF(R L P.E O .IID E L T A .O i{.K X (;:)-E O .O .O ...K X (K ).E O .;C U (K )) RETURN
5 6 0  51 LER = -1
5 7 0  RETUiWi
5 0 0  END
READY
UIVO
EOI L IS  BREAKT1
100 SUBROUTINE BREAKT
HOC LABELS BROKE THROUGH, INCREHENT FLOW
120 FILENAiiE NN.KA
125 FILEWUIE KOR. KO
130 COISXM NN( 5 0 0 ) .R 'P (  5 0 0 ) . I L (  5 0 1 ) . J L (  5 0 1 ) . I J (  5 0 0 ) . NL( 5 0 0 ) .
140 iI  J l ( 1 0 0 0 ) .K C (IO O O ).K U (1 0 0 0 ) .KX(1 0 0 0 ) . J A ( 1 0 0 0 ) .1 6 ( 1 0 0 0 ) .LW(1 0 0 0 ) .
150 & L C (S).K A ( I 2 . 2 ) , K 0 ( 9 ) .  IX (9).H .K .L E K .K A T .K Q R ,K T E R .r.lK E . IF U ..K I  ,K 0
100 L C (5 )  = L C (5 ) *1
17CC FIMO FLOW IHCREICNT. SET UP CIRCLE LIST  IN I J
180 M IIIE=IFIN
190 KT — KIER
2 0 0 0 0  30 J  =1.M
2 1 0 KP = NL(KT)
220 KK=IAOS(KP)
2 3 0 IF  (K P .G T .O ) GO TO 22
2 4 0 KT=JA(KK)
2 5 0 IF  (K C (K K ).C E .C ) GO TO 19
2 6 0 MINE = M INO(HINE.KX(KK)-KU(KK))
2 7 0 GO TO 28
2 8 0 19 MINE = MiNO(MINE.XX(KK)>
2 9 0 CO TO 28
300 22 KRP=JL(KT)
310 0 0  2 3  KR=KRP.N
3 2 0 IF  (IB (K R ).E O .K K ) GO TO 24
330 2 3 CUNTINUE
340 2 4 K T =JI(K R )
3 5 0 IF  (K C (K K ).G T .O ) GO TO 26
360 MIIÆ = HINO(M INE.KU(KK)-KX(KK))
3 7 0 GO TO 28
380 2 6 MINE = HINO(HINE.>KX(KK))
390 2 8 I J ( J )  = KP
4 0 0 IF  (KT.EQ.KTER) GO TO 40
410 30  CONTINUE
4 2 0 4 0 J J = J
4 3 0 L C (7 ) = L C (7 ) ♦  J J
440C INCREIIENT CYCLE BY "HIKE .
4 5 0 0 0  4 3  J  = 1 . J J
4 60 KK = I J ( J )
4 7 0 IF  (K K .G T .O ) GO TO 42
4 8 0 KK =  lAOS(KK)
4 90 KX(KK) = KX(lxK) -  MINE
500 GO TU 43
510 42 KX(KK) = KX(KK) *  MINE
520 43 CONTINUE
530 0 0  45 J = 1 .i i
540 N L (J )  = 0
550 45  CUNTINUE
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160
5 « 0  51 IF  (K Q (7 ).E Q .O ) GO TU 56
5 5 0  IF  (L IN E .E Q .O ) KRITE (K Û .9 I ) ( K A ( I I . 2 ) . 1 1 = 1 .1 2 )
5 6 0  UHE=LINE*l
S70C PRINT SO LINES/PAGE
58C IF  (L IK E .E G .5 0 )  IIK E = 0
5 9 0  WRITE (X 0 .9 6 )N N (I)> N N (K ).K C (J ) ,K U (J ) .L H (J ) .K X (J ) .L L C .H X .M Y
6 0 0  56  IF  ( L C ( 3 ) .E 0 .0 )  GO TO 3
6 1 0  W R IT £ (S T O K E .9 3 )ra< (I) .(U U K ).K C (J).X U (J)> L H (J ).K X (J}
6 2 0  3  CONTINUE
6 3 0  IF  (X Q (7 ).K E .O ) ia t I T E ( X 0 .t9 6 )
6 6 0  IF  ( L C ( l ) . l iE .O )  1011TE(X 2.96)
6 5 0  IF -4 L C (3 ) .N E .O )  UUTECSTOKE.9 6 )
6 6 0  0 0  2 0 0  1 = 1 ,M
6 7 0  in=IL;Q2
6 8 0  IF  (K Z .N E .O .A N O .N L (I).N E .O ) nY=ON06
6 9 0  I F  ( L C ( I ) .N E .O )  W R IT E (K 2.95) W C D .K P C I)
700 I F  C K Q (7 ).K £ .0 ) N K ITE(K U .IV 9) U ! ( I ) .N P ( I ) ,M Y
710  I F  (L C (3 ) .I1 E .0 .A N D .(0 > (I ) .N E .0 )  W R IT E (S T 0 R E .9 5 )N N (I),N P (I)
7 2 0  2 0 0  CONTINUE
73 0  IF ( I C C I ) .N E .O )  W R ITE (K 2.97)
>-< 7 6 0  IF  (K Q (7 ).N E .O ) M tIT E (K 0 .9 8 )
2  750 IF  (L C (3 ) .N E .O )  KKITECSTORE.9 7 )
7 6 0  WRITE (K O .9 2 )  L C ( 5 ) .L C ( 6 ) .L C ( 7 ) .L C ( 0 )
770  WRITE (K O .9 9 9 )  A3
780  RETURN
790 38  FORHAT(27HOTIIIS RUN OUTPUT TU FIL E  K2 )
8 0 0  8 9  FOKJIAT(30H0TilIS RUN UUTPUT TU FIL E  STORE)
8 1 0  9 0  FORNATCI2A6/6HARCS22X,6HC0ST5X.5IW PPER5X.5HL0W ER6X.6HFL0R.I2X)
8 2 0  91 F aK N A T (IH tl2 A 6 /5 il ARCS!6X.6IICUST6X.5HUPPEM6X.5HLÜWER7X, 6HFL0U7X.
8 3 0  8  6HCUAR/IX)
8 6 0  92  FORMATCIRHONO OF BREAKTHRUS=II2.22H. NO OF NONBREAKTNRUS=I1 2 . lUH.
8 5 0  &N0 OF X C H A N G ES=II2./62H  NO LF rUlDES FKUII WHICH LABELING WAS DONE:
8 6 0  8 1 1 2 )
8 7 0  93  FO R H A T(6X .2A 6.2X .6ITO )
8 8 0  96 F O R N A T (2 ( IX .A 6 ) .5 in .1 X .2 A 6 )
8 9 0  95  F O R )M T (6 X .A 6 .6 X .I)2 }
9 0 0  9 6  FORMAT (6HH0DES .5 6 X )
9 1 0  9 7  F0RMAT(3HEH0.27X)
9 2 0  9 8  F0ftMAT(6IIQEND)
9 3 0  9 9  FORMAT(IHOI5 . 2 3H ARCS ARE OUT OF KILTER)
960  198 FORMAT(I2HINOCE P R IC E S /I X)
9 5 0  199  F O R .IA T (1X .A G .|13 .a 6 )
96 0  9 9 9  FORIlATdCHOSUM UF P kU O U C T S .IP 0 2 0 .I2 )
9 7 0  EMU
READY
EDI L IS  LABELI
100  SUBROUTINE LABEL (KBR)
HOC LABEL NODES
120 FILENAIIE NN.KA
125 FILENAME KOR. KO
130 cantUjN ia:( 500 ) . NP( 500) , n i  s o d . j k  s o i ) . i j (  s o o ) , n l (  5 0 0 ) ,
140 s  J l ( 1 0 0 0 ) . KC( 1 0 0 0 ) .K U (IO O O ).K X (IO O O ),JA (IO O O ),IB (IO O O ).L V i(10 0 0 ) .
ISO & L C (B ).K A (I2 .2 ) .K Q (9 ) .IX (9 ) .M .N .L E K .K A T .K 0 K .K T E R .H IN E .IF IK .K I.K 0 .K
I60C  J l  FIRST NODE OF ARC IN SECOND NUDE LIST
1 70c  KC COST
I60C  KU UPPER BOUND
I 90c  KX FLOW
200c  JA  SECOND NODE OF ARC IN NQRIUU. ORDER
2 I0 C  IB  ARC NUMBER OF ARC IN SECOND MODE LIST
220c  LM LOWER DONO
230C NN NODE NAME
)-> 240C UP NODE PRICE
?> 250C IL  FIR ST ARC OF GIVEN NODE IN L IST  OF ARCS ARRANGED NORMALLY
260C JL  FIR ST ARC OF GIVEN NODE IN LIST  OF ARCS ARRANGEO IN SECONO NODE ORO
270C I J  SCAN L IST  (CIRCLE L IST  IN "BREAKT")
280C  NL NODE LABEL. SIGNED HUMBER OF ARC WHICH LABELED IT
290C HUP CURRENT LENGTH OF SCAN LIST
300C NU PRESENT LOCATION IN SCAN L IST  OF NODE BEING SCANNED
310  KBR = 0
3 2 0  IF  ( I J ( I ) . E A .O )  NUP=1
3 3 0  I J ( I ) = K 1
3 40  NU = I
3 50  14 l= IJ (M U )
360C SEARCH FORWARD ARCS 
3 7 0  L2 = I L ( l « t )
3B0 L = I L ( 1 )
3 9 0  16 IF  ( L 2 .L E .L )  GO TO 28
4 0 0  J  =  JA (L )
4 1 0  IF  (M L (J) .N E .O ) CO TO 2 7
4 2 0  IF  (K C (L ).G T .O ) GO TO 21
4 3 0  IF  (K X (L ).G E .K U (D ) GO TO 2 7
4 40  GO TU 22
a\w
4 5 0 21 IF  (X X (L ).G E .O ) GO TO 2 7
4 6 0 22 iJ L ( J )  = L
4 70 HUP = HUP *  1
480 IJ(N U P ) = J
«SO 27 IF=(U*EQ.KTER) GO TO 4 7
510 GO TO 16
520C SEARCH DACKKARO ARCS
530 28 L2 =  J L ( I « 1 )
540 L = J L ( 1 )
550 31 IF  (L 2 .L E .L )  GO TO 43
560 J  = J K L )
570 I F  ( l . 'L (J ) .N E .O )  GU TO 42
5 8 0 KR = IB (L )
590 IF  (K C (X R ).G E .O ) GO TO 36
6 0 0 IF  (K X (K R ).L E .K U (K R )) GO
6 1 0 GO TU 37
6 2 0 36 IF  (K X (K R ).L E .O ) GO TO 42
630 3 7 = -KR
6 4 0 l:UP = HUP + 1
6 5 0 IJ(K U P ) = J
6 6 0 IF  (J.E Q .K T E R ) GO TU 4 7
670 42 L = L+1
680 CU TO 31
690C GO TU NEXT NODE IN SCAN LIST
700 43 IF  (NU.GE.NUP) GO TO 48
710 NU = NU + 1
720 GO TO 14
730C BREAK-THRU
740 4 7  KBR = 1




EOI L IS  LOOKUP1
100 FUNCTION LOOKUP(K)




U O DIMENSION K E Y (I9 )
150 DATA KEY(1)/6N0EGIN / .K EY (2)/6H SA V E  / ,K E Y (3) /6 I IR E FN 0D /
160 & KEY(4)/6IITAJ'E / .K E Y (5) /6M C O  / ,KEY (6)/6M SK IP  / ,
170 4  KEY(7)/6HARCS / ,K EY (8) /6H N Ü 0E S  / ,K E Y (9 ) /6 1 C U T P U T / ,
ISO & K E Y (10) /6N  TAPE / . K E Y ( H ) / 6 i l  IF  C U / .K E Y (1 2 ) /6 H  PUNCH/,
190 & KEY(13)/6HSU.VE / ,K E Y (  14)/6HGOGO / ,K E Y ( I 5 ) / 6 H 0 U I T / .
200 & KEY(16)/6HEN0 / . K E Y ( I 7 ) / 6 H / ,K EY(IÙ)/6HALTEK /
210 DATA KEY(19)/6M  NU SY/
220 LOOKUP = 20
2 3 0 0 0  1 1 = 1 ,1 9
2 4 0 IF(EQU AL(KEY (I) ,K))G O TO 2
2 5 0 1 CUNTINUE
2 6 0 RETURN
2 7 0 2 LUUKUP = 1
2 8 0 RETUU4
2 9 0 END
PEAOY
EDI L I S  EQUAL1
100 LOGICAL FUNCTION EQUAL(J .K)
HOC SYSTEM/GE ROUTINE
120C TRICK SYSTEM/GE INTO COTfARING 6 BYTE WORDS
130 DIMENSION J ( 2 ) , K ( 2 )
140 EQUAL=.FALSE.
ISO IF  ( J ( l ) . l i E . K ( l ) }  RETURN
160C TRUNCATION UN GE VALID ONLY FUR POSITIVE NUNUEKS
170 J J = J ( 2 ) / 6 5 5 3 6
160 I F ( 6 5 5 3 6 « J J i G ï . J ( 2 } . A i . D . J ( 2 } . L T . O } J J = J J - 1
190 K K = K (2 ) /6 5 5 3 6
200 I F ( 6 5 5 3 C » :a c .G T .K ( 2 ) .A / ( D .K ( 2 ) .L T .C ) KK=KK-1
210 IF  ( J J .E L . R K )  EcUAL=.T.(UE.




The model was v a l id a te d  a g a in s t  th e  e x i s t in g  Oklahoma C ity  netw ork  
(se e  F ig u re  5 -5 ) .  The o u tp u t fo r  t h i s  run  I s  shown on th e  n e x t p ag e . The 
runs f o r  f u tu r e  n e tw orks a r e  n o t shown becau se  th e  d a ta  used  to  fo rm u la te  
them was n o t o b ta in e d  from a c tu a l  la n d  u se  p r o je c t io n s  and was u sed  on ly  
to  v a l id a te  th e  gaming c a p a b i l i t i e s .
165
o \Ov
(NOITH iO G C Y  CKEKt
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6 .1  I n t ro d u c t io n
S in ce  th e  same p ro c e d u re s  and netw ork models a r e  used  f o r  bo th  w a te r  and 
sew erage sy stem s, th e  g e n e ra l d is c u s s io n  o f  th e  te c h n ic a l  p ro c e s s  was p re s e n te d  
in  C h ap te r V, W ater Network M odel. C onsequen tly , one sh o u ld  rev iew  and r e f e r  
to  C h ap te r V p r i o r  to  th e  re a d in g  o f  t h i s  c h a p te r .  T h is was done because  
th e  p ro ced u res  w ere le n g th y  and would have been red u n d an t i f  p re s e n te d  a g a in . 
The on ly  th in g  t h a t  w i l l  be d is c u s s e d  in  t h i s  c h a p te r  i s  th e  p h ilo s o p h ic a l  
and te c h n ic a l  d i f f e r e n c e s  t h a t  th e  sew erage netw ork  c r e a te s  in  th e  a p p l ic a t io n  
o f  th e  p re c e e d in g  p r e s e n ta t io n .
The flow  c h a r t s ,  d a ta  a rran g em en t,an d  model l i s t i n g s  a r e  i d e n t i c a l  to  
th o se  in  C h ap te r V and w i l l  on ly  be re fe re n c e d  in  t h i s  c h a p te r .  The rem ainder 
o f  t h i s  c h a p te r  w i l l  be devo ted  to  th e  e x p la n a tio n  o f  th e  te c h n iq u e s  u sed  to  
o p e ra te  th e  "model" as  a sew erage netw ork m odel.
As p re v io u s ly  d is c u s s e d , th e  f i r s t  phase  i s  th e  i s o l a t i o n  o f  th e  f e a s ib le  
in d ep en d en t netw orks and th e  re d u c tio n  o f  th e  problem  to  i t s  s im p le s t  form .
The f i r s t  s te p  i s  to  red u ce  th e  netw ork  to  th e  " r e a l "  ne tw ork  by id e n t i f y in g  
th e  u n fe a s ib le  a l t e r n a t i v e s  and e l im in a t in g  them from th e  n e tw o rk . T h is  i s  a 
c o u rse  sc re e n in g  done by th e  b e s t  q u a l i f i e d  p e o p le . The in d ep en d en t netw orks 
a re  th e n  e v a lu a te d  u s in g  e n g in e e r in g  c o s t  d a ta  a n a ly s i s .
The in te rc o n n e c te d  netw orks o r  th e  a l t e r n a t e  s o lu t io n s  t h a t  in te rc o n n e c t  
indep en d en t s o lu t io n s  a re  e v a lu a te d  by lo a d in g  th e  system  o n to  th e  com puter 
and e v a lu a t in g  them w ith  th e  netw ork  m odel. The f l e x i b i l i t y  th a t  was b u i l t
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I n to  th e  model f o r  th e  w a te r  netw ork  a n a ly s i s  i s  p re s e rv e d  f o r  th e  e v a lu a t io n  
o f  th e  sew er sy stem .
6 .2  Network F o rm u la tio n
The sew erage netw ork  v a r ie s  from  th e  w a te r  netw ork  in  t h a t  i t  i s  p r im a r i ly  
a  g r a v i ty  flow  system . The u se  o f  pumps, p r e s s u r iz e d  l i n e s  and l i f t  s t a t i o n s  
a re  n o rm ally  av o id ed  and a re  on ly  im plem ented when a b s o lu te ly  n e c e s s a ry .
The sew erage netw ork  b eg in s w i th in  each sm all b a s in  w ith  a  c o l l e c t o r  
sy stem . These g r id  o r  b lo c k  by b lo c k  c o l l e c t o r  netw orks a re  s iz e d  by u s in g  
th e  te c h n iq u e  d e s c r ib e d  in  Appendix C (1 4 ) , W ater, Sew er, and Storm D ra in a g e  M icro 
A rea R equ irem en ts. The sewage th en  flow s from th e  c o l l e c t o r  system s in to  th e  
sew er m ains. These m ains a re  a l s o  d es ig n ed  u s in g  th e  te ch n iq u e  d e s c r ib e d  in  
Appendix C (1 4 ) .  I t  i s  n o t  th e  p u rp o se  o f  t h i s  s tu d y  to  d e s ig n  and p la n  f o r  t h i s  
p o r t io n  o f  th e  sew erage ne tw ork , a lth o u g h  a  p ro c e d u re  was g iv en  in  Appendix 
C (1 4 ) .
The d e s ig n  o f  th e  c o l l e c t o r  system s t h a t  s e rv e  th e s e  s m a lle r  b a s in s  i s  
th e  r e s p o n s i b i l i t y  o f th e  p o l i t i c a l  j u r i s d i c t i o n s  in v o lv e d . The p o r t io n  o f  
th e  system  t h a t  t h i s  s tu d y  does d e a l w ith  i s  th e  c o l l e c t i o n  o f  th e  sewage from 
th e s e  s m a lle r  b a s in s  and p o l i t i c a l  j u r i s d i c t i o n s ,  i t s  t r a n s p o r ta t io n  to  a 
system  o f  tre a tm e n t p l a n t s ,  and f i n a l l y  th e  d is c h a rg e  o f  th e  e f f lu e n t  in t o  
a  re c e iv in g  s tre a m .
I t  i s  a l s o  n o t  th e  pu rpose  o f  t h i s  s tu d y  to  develop  a s tre a m  reco v e ry  
model t h a t  exam ines i n  d e t a i l  th e  e f f e c t  t h a t  th e  e f f l u e n t  w i l l  have on th e  
r e c e iv in g  s tre a m s . The way th a t  th e  netw ork  model does ta k e  t h i s  i n t o  c o n s i ­
d e r a t io n  i s  by l im i t in g  th e  u p p er bounds o f  th e  a rc  t h a t  co n n ec ts  th e  o u t f a l l  
o f  a tre a tm e n t p la n t  to  th e  r e c e iv in g  s tream  to  a v a lu e  o f  e f f l u e n t  t h a t  th e  
s tream  can  h a n d le .  T h is  v a lu e  i s  o b ta in e d  by u s in g  methods A ppendix D,
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W ater Q u a li ty  (1 4 ) .  By c o n t r o l l i n g  th e  amount o f  e f f l u e n t  baaed on a 
s p e c i f ie d  le v e l  o f  tre a tm e n t f o r  th e  s tu d y  a r e a ,  i n  t h i s  c a s e  seco n d a ry , 
th a t  can be d is c h a rg e d  a t  d i f f e r e n t  p o in t s ,  th e  q u a l i ty  o f  th e  r e c e iv in g  
stream s can  be m a in ta in e d . T h is  can  even be made se a so n a l by chang ing  th e se  
v a lu es  based  in  th e  se a so n a l flow s and c h a r a c t e r i s t i c s  o f  each r e c e iv in g  
s tream .
The sew erage model exam ines a l l  o f  th e se  f e a s ib l e  a l t e r n a t i v e s  f o r  th e  
re g io n  and o p tim iz e s  them in t o  a re g io n a l  sew er n e tw o rk . I t  i s  a l s o  p o s s ib le ,  
i f  n o t p ro b a b le , a s  in  AGOG, th a t  th e  re g io n  i s  made up o f  s e v e ra l  m ajo r
b a s in s  o f  d i f f e r e n t  c h a r a c t e r i s t i c s  t h a t  a re  n o t  co n n ec ted  w ith in  th e  s tu d y
a re a  (se e  F ig u re  6 - 1 ) .  These b a s in s  may be a n a ly z e d  s e p a r a te ly ,  o r ,  a s  in  
th e  exam ple fo r  th e  s tu d y  a r e a ,  be an a ly zed  by in te r c o n n e c t in g  two o r  more 
o f  th e  b a s in s .
T here i s  a l s o  th e  c a p a b i l i ty  o f  th e  u s in g  agency to  e v a lu a te  th e  a l t e r n a ­
t iv e s  o f  h av in g  one m a jo r tre a tm e n t p la n t  o r  any co m b in a tio n  o f  s m a lle r  
tre a tm e n t p l a n t s .  The p o r t io n  o f  th e  s tu d y  t h a t  was s e le c te d  as an i l l u s t r a ­
t i v e  exam ple com bines a l l  o f  th e  above p o s s i b i l i t i e s .  The example problem  
looks a t  th e  f e a s i b i l i t y  o f  c o n n e c tin g  two m ajo r b a s in s ,  th e  Deep Fork  and 
th e  N orth  C anadian R iv e rs ,  by a  l i f t  s t a t i o n  to  one m e tro - tre a tm e n t p la n t  
o r  by s e rv in g  each  b a s in  by a s e le c t io n  o f  s m a l le r  tre a tm e n t p l a n t s .  The 
problem  i s  i l l u s t r a t e d  i n  s e c t io n s  6 .4 ,  6 .5 ,  and 6 .6 .
The p ro c e d u re  f o r  fo rm u la tin g  th e  sew er netw ork  i s  i d e n t i c a l  to  th a t
d e s c r ib e d  in  S e c t io n  5 .2  o f  th e  p re c e d in g  c h a p te r .  The f i r s t  s te p  i s  to  
e s ta b l is h e d  th e  c u r r e n t  netw ork  from th e  in v e n to ry  d a t a .  The p ro c e d u re s  and 
firm s used  a re  th e  same a s  b e fo re .  The o n ly  d i f f e r e n c e  betw een t h i s  p h a se , 
w hich i s  f o r  th e  sew er n e tw o rk s , and th o se  f o r  w a te r  i s  th a t  th e  flow  i s
[ ___ '
Figura 6-1 , Ma(or Rlv«r Boilni A C ® G
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re v e rs e d . The u se  o f  s p e c ia l  a r e a s ,  m ain ly  b a s in s ,  w i th in  each  p o l i t i c a l  a re a  
I s  g r e a t ly  In c r e a s e d .  T h is  a llo w s  th e  demand p o r t io n  o f  th e  model to  work 
w ith in  th e  framework o f  g r a v i ty  flow  a c ro s s  c o rp o ra te  b o u n d a r ie s .
The I d e n t i f i c a t i o n  o f  th e  r e a l  netw ork  and I t s  s h o r ta g e s  and c a p a b i l i t i e s  
I s  h an d led  In  th e  same m anner as  w a te r .  I t  I s  a l s o  advanced  I n to  th e  " d e s i r a b le ” 
w orlds and e v a lu a te d  as  to  t h e i r  In c rem en ta l c a p a b i l i t i e s ,  d e f i c i e n c i e s ,  and 
a v a i l a b i l i t i e s  u s in g  th o s e  te c h n iq u e s  d e sc r ib e d  In  S e c t io n  5 .2 .
At th e  c o n c lu s io n  o f  t h i s  p ro c e d u re , th e  u s in g  agency  w i l l  have a 
com plete  u n d e rs ta n d in g  o f  th e  sew er n e tw o rk s , t h e i r  re q u ire m e n ts ,  and f e a s ib le  
a l t e r n a t i v e s  f o r  th e  r e g io n  u n d e r s tu d y . The problem  w i l l  have a g a in  been 
reduced  to  I t s  s im p le s t  form and be ready  f o r  p r e s e n ta t io n  to  th e  com m ittee 
o f  concerned  a g e n c ie s  f o r  f i n a l  s e le c t io n  o f  th e  a l t e r n a t i v e s  t h a t  they  may 
w ish  to  a n a ly z e  f u r t h e r .  Each c h o ic e  w i l l  th e n  be m odeled f o r  th e  s e le c t io n  
o f  th e  b e s t  a l t e r n a t i v e s  w hich w i l l  th e n  be In c o rp o ra te d  I n to  th e  f i n a l  p la n .
6 .3  Model D e s c r ip tio n
The model a g a in  v a r ie s  w ith  th e  ty p e  o f  netw ork  u n d e r  c o n s id e r a t io n .  I f  
I t  I s  a s im p le  In d ep en d en t n e tw o rk , th e  u se  o f  d e r iv e d  c o s t  fu n c tio n s  a re  
u se d , b u t I f  I t  I s  a  c o m p lic a te d  Independen t o r  In te rc o n n e c te d  n e tw o rk , then  
th e  com puter model I s  em ployed.
When th e  com puter model I s  ru n . I t  I s  u sed  In  th e  same m anner as  t h a t  o f  
th e  w a te r  n e tw o rk . The same model I s  employed by b o th  n e tw o rk s . The netw ork  
I s  ag a in  made up o f  nodes and a r c s .  Each f a c i l i t y  I s  r e p re s e n te d  by a node 
f o r  th e  I n l e t  and a n o th e r  node f o r  o u t l e t .  I f  a f ix e d  c o s t  I s  en co u n te red  
In  t h i s  f a c i l i t y .  I t  I s  r e p re s e n te d  by an a rc  w ith  a f ix e d  " fa k e  flo w ", 
u s u a l ly  one MGD. I f  th e  c o n s e rv a t io n  o f flow  changes t h i s  fak e  flow  to  a n o th e r
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v a lu e , th en  th e  f ix e d  c o s t  i s  reduced  p ro p o r t io n a te ly .  A nother a rc  i s  used  
to  r e p re s e n t  th a t  p o r t io n  o f  th e  c o s t ,  above f ix e d  c o s t ,  t h a t  w hich v a r ie s  
l i n e a r ly  w ith  flow . A system  o f  c o s t  l i n e s  a re  developed  f o r  each type  o f  
f a c i l i t y  as  shown in  F ig u re  5 - 3 .  These a rc s  and nodes w ith  t h e i r  d e riv e d  
c o s t  fu n c tio n s  can  be u sed  to  d e p ic t  a c c u ra te ly  any ty p e  o f  f a c i l i t y  (see  
page 178). The u se  o f  th e s e  d u a l nodes and m u l t i - a r c s  i s  l im i te d  o n ly  by 
th e  u s e rs  a b i l i t i e s  to  d e p ic t  each f a c i l i t y  by i t s  p ro p e r  com bination  o f 
a r c s .
I f  th e  netw ork  u n d e r c o n s id e ra t io n  i s  a s im p le  in d e p en d en t netw ork , i t  
can be h an d led  u s in g  c o s t  fu n c tio n s  s im i la r ,  in  many c a s e s  i d e n t i c a l ,  to  
th o se  used  in  th e  w a te r  n e tw o rk . The e q u a tio n s  f o r  t r a n s m is s io n ,  p ip e l in e ,  
and r ig h t-o f-w a y  c o s ts  a re  th e  same. The rem ainder o f  th e  c o s ts  f o r  th e  
system  as a c q u ire d  form  th e  same so u rces  as th o se  f o r  th e  com puter model 
d a ta  req u ire m en ts  ( s e e  S e c tio n  6 .4 ) .
I t  can  be seen  t h a t  t h i s  m odeling te ch n iq u e  h as  a  trem endous advan tage  
in  t h a t  i t  i s  n o t  o n ly  h ig h ly  f l e x i b l e ,  b u t can  be used  f o r  b o th  w a te r  and 
sew er n e tw o rk s . T h is  s tu d y  group i s  a l s o  w orking  w ith  i t  i n  t r a n s p o r ta t io n  
and s tream  reco v e ry  m od e lin g . Flow c h a r t s  a r e  shown in  S e c tio n  5 .3 .
6 .4  Data R equirem ents
The d a ta  re q u ire m e n ts  fo r  t h i s  model a re  th e  same a s  th o se  re q u ire d  f o r  
th e  w a te r  n e tw ork . The on ly  d i f f e r e n c e  i s  in  th e  c o s t  c u rv e s  and fu n c tio n s  
u sed  to  p ro v id e  th e  a c tu a l  c o s t s .  I t  i s  obvious t h a t  th e s e  c o s t  d a ta  a re  
a v a i la b le  from many so u rc e s  and th o se  th a t  a r e  u sed  h e re  a re  n o t co n s id e re d  
as  a b s o lu te .  The u s e r  agency shou ld  u se  th o se  fu n c tio n s  t h a t  i t  f e e l s  a re  
m ost a c c u ra te .  The fu n c tio n s  t h a t  th e  a u th o r  u se s  a re  o b ta in e d  from th o se
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l i s t e d  in  th e  B ib lio g ra p h y  (31 , 32 , 33 , 34 , and 3 5 ) .
6 .5  D ata A rrangem ent
The d a ta  a re  a r ra n g e d  in  groups o f  l in k s  o r  a r c s  f o r  each p a i r  o f 
n o d es . A ll l in k s  from each  so u rce  node m ust be l i s t e d  i n  g ro u p s . The 
form at i s  th e  same as  t h a t  shown in  S e c tio n  5 .5 .  A l i s t i n g  f o r  th e  runs 
used  to  compare th e  u t i l i z a t i o n  o f  a s in g le  m e tro -p la n t  f o r  two r iv e r  b a s in s ,  
v e rsu s  s e v e ra l  tr e a tm e n t p la n t s  i n  each b a s in  i s  shown in  S e c tio n  6 .7 .
6 .6  Model Form at
The model l i s t i n g  i s  th e  same a s  t h a t  shown in  S e c tio n  5 .6 .
6 .7  Model V a lid a tio n
There w ere many ru n s  made o f  d i f f e r e n t  a rran g em en ts  f o r  th e  netw ork . The 
run  s e le c te d  i s  shown i n  F ig u re  6 .2 ,  The o u tp u t ,  w hich fo llo w s , shows th a t  
th e  m e tro -p la n t  i s  a more econom ical s o lu t io n  to  th e  p rob lem  th a n  th e  m u l t i -  
p la n t  a l t e r n a t i v e .  T h is  exam ple i s  n o t a  t r u e  r e p r e s e n ta t io n  o f  th e  problem  
due to  th e  la c k  o f  a c c u r a te  c o s t  d a ta  f o r  th e  a c tu a l  sy stem . T h is  co u ld  be 
a c c u ra te ly  d e te rm in ed  u n d e r  th e  c o n d itio n s  and fu n d in g  o f  a  f u l l  s tu d y  o f  th e  
re g io n .
The t r u e  v a l id a t io n  o f  t h i s  model h as  been acco m p lish ed , and i t s  f u l l  
u s e fu ln e s s  i s  on ly  l im i te d  by th e  s k i l l  o f  th e  u s in g  agency i n  d e p ic tin g  
th e  system  and a l t e r n a t i v e s  i n  m odeling n o m e n c la tu re . Once a p ro p e r  s e t  o f  
c o s t  fu n c tio n s  f o r  t h e i r  system s have been developed  and p ro je c te d  ( t h i s  
s tu d y  used  th e  ENR c o s t  in d e x ) ,  th e  o p tim iz a tio n  o f  th e  netw ork  w i l l  be 
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CHAPTER V II 
DEVELOPMENT OF THE WATER AND SEWER PLAN
7 .1  In t ro d u c t io n
I t  was th e  p rim e o b je c t iv e  o f  t h i s  re s e a rc h  p r o je c t  to  p ro v id e  th e  
a v e ra g e  p la n n in g  group w ith  a  u s a b le  model f o r  R egional w a te r  and sew erage 
p la n n in g  n e tw o rk s. We f e e l  t h i s  o b je c t iv e  h as  been acc o m p lish e d . The model 
we have developed  f u l f i l l s  a l l  o f  th e  o r i g i n a l l y  s t a t e d  o b je c t iv e s .
A l l  models developed  a r e  o p e ra t io n a l  and a r e  p re s e n te d  I n  t h e i r  t r u e  
c o n f ig u r a t io n s .  Examples o f  th e  In p u t  and o u tp u t f o r  each  s ta g e  have  been 
p re s e n te d  fo r  v a l id a t io n  when b e in g  lo ad ed  on o th e r  h a rd w are . I t  I s  th e  a u th o r s ' 
o p in io n  th a t  any p la n n in g  agency can  u se  t h i s  system  w ith  v e ry  l i t t l e  e f f o r t  
and w ith o u t th e  a d d i t io n  o f  new te c h n ic a l  p e rs o n n e l .
The model s t a r t s  w ith  th e  r e q u ire d  In v e n to r ie s  and th e n  l i s t s  th e  p ro c e ­
d u re s  f o r  e s ta b l i s h in g  t h i s  d a ta  I n to  u s a b le  In fo rm a tio n  sy s te m s . I t  th e n  
a sk s  th e  p la n n in g  group to  In te rv e n e  by e s ta b l i s h in g  th e  grow th p a ra m e te rs  In  
th e  p o p u la tio n  m odel. T h is  a llo w s  th e  u s in g  agency to  t e l l  th e  model f o r  
w hat g o a ls  th e  re g io n  w ould l i k e  to  s t r i v e .  The p o p u la tio n  m odel th e n  p ro v id e s  
th e  p la n n e r  s e v e ra l  p o p u la t io n  p r o f i l e  a l t e r n a t i v e s  In  f iv e  y e a r  In c rem en ts  
f o r  each  o f  th e se  a l t e r n a t i v e s  ( s e e  F ig u re  7 -1 ) .
A gain th e  p la n n e r  i s  r e q u ire d  to  made a d d i t io n a l  In p u t I n to  th e  model 
by a l lo c a t in g  th e  p o p u la tio n  p r o f i l e  f o r  each  a l t e r n a t i v e  I n to  an  a r e a l  scheme.
In  o th e r  w ords, th e  p la n n e r  d ev e lo p s  a  la n d  u se  p la n  o r  p la n s  f o r  each  s e t  
o f  g o a ls  and a n a l y t i c a l  a l t e r n a t i v e s  u n d e r c o n s id e r a t io n .
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Figure 7 -1. Final Procedure O utline.
A f te r  th e  la n d  u se  h a s  been a l lo c a te d  to  th e  SAU's th e  u s e r  group s e t s  
up and runs th e  demand m odel. T h is  model ta k e s  th e  p o p u la t io n  and la n d  u se  
th a t  w ere developed  by th e  p la n n e r  and computes th e  w a te r  re q u ire m e n ts  and 
sewage o u tp u ts  f o r  s e v e ra l  a d ju s ta b le  c o n f ig u ra t io n s ,  such a s  p o l i t i c a l  
j u r i s d i c t i o n ,  b a s in ,  s p e c ia l  a r e a ,  e t c .
The a p p ro p r ia te  p la n n in g  group i s  th en  asked  to  made a n o th e r  in te r v e n ­
t i o n .  He i s  r e q u ire d  to  ta k e  th e  o u tp u t from th e  demand model and th e  in v e n to ry  
o f  th e  e x i s t in g  and p roposed  f a c i l i t i e s  and c r e a te  th e  netw orks f o r  each  tim e 
in c rem en t th a t  i s  to  be e v a lu a te d  f u r th e r .  He i s  r e q u ir e d ,  by a  g iv e n  p ro c e ­
d u re , to  reduce t h i s  problem  to  i t s  s im p le s t  form b e fo re  e v a lu a t io n  by th e  
netw ork  m odels.
The a l t e r n a t iv e s  f o r  b o th  w a te r  and sewage which a r e  to  be run  on th e  
netw ork  model a re  th en  d e p ic te d  by a  l in k -n o d e  p ro c e s s .  The a l t e r n a t iv e s  
a re  th en  loaded  on to  th e  ne tw ork  model and r e e v a lu a te d . The r e s u l t  i s  th e  
o p tim iz a tio n  o f  flow  a t  th e  l e a s t  c o s t .
At t h i s  p o in t  th e  model h as  com pleted  a l l  n e c e s s a ry  in fo rm a tio n  f o r  th e  
developm ent o f  th e  f i n a l  p la n .  T here  o n ly  rem ains to  be done t h a t  p o r t io n  
w hich ta k e s  th e  c o s t  o f  a l l  th e  d e s i r a b le  a l t e r n a t iv e s  and in c re m e n ta lly  
e v a lu a te s  them a g a in s t  th e  f in a n c ia l  s t r u c tu r e  o f  th e  re g io n .  The f i n a l  s te p  
i s  to  e s t a b l i s h  th e  p r i o r i t i e s  f o r  th e  developm ent o f  th e  a l t e r n a t i v e s  t h a t  
w ere s e le c te d  f o r  im p lem en ta tio n .
7 .2  A n a ly s is  o f  A l te rn a t iv e s
The p ro c e s s  o f  f in a n c ia l  a n a ly s i s  o f  th e s e  a l t e r n a t i v e s  i s  a r e l a t i v e l y  
sim ple  p ro ced u re  t h a t  fo llo w s  th e  s ta n d a rd  te c h n iq u e s  u sed  i n  econom ics. A 
p r o f i l e  o f  th e  f in a n c ia l  s t r u c t u r e  in c lu d in g  bond d e b t l i m i t s  and f u tu r e
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f in a n c ia l  r e s o u rc e s  I s  d ev e lo p ed . T h is  a n a ly s is  I s  done on an In c rem en ta l
b a s is  u s in g  th e  same s te p s  a s  th e  m odels. The c o s t  o f  each  o f  th e  a l t e r n a t iv e s
I s  th e n  e v a lu a te d  a g a in s t  th e  f in a n c ia l  p r o f i l e ,  and p r i o r i t i e s  a re  s e t  by 
th e  com m ittee o f  co nce rned  a g e n c ie s .  The n e t  r e s u l t  I s  th e  c a p i t a l  In v estm en t 
p r o f i l e  o f  th e  re g io n  to  o b ta in  th e  s e le c te d  g o a ls .
The p ro c e s s ,  a s  d e s c r ib e d  In  t h i s  r e p o r t  le a d s  to  a  com prehensive and 
c o n tin u in g  p la n n in g  m odel. The o u tp u t can  be e a s i l y  d ev e lo p ed  In to  a  p la n  
t h a t  w i l l  m axim ize th e  u se  o f  o u r n a tu r a l  r e s o u rc e s ,  h e lp  p r o t e c t  our e n v iro n ­
ment and p re s e rv e  th e  q u a l i t y  o f  l i f e  t h a t  I s  d e s i r e d .
7 .3  L im ita t io n s  and F u tu re  R esearch  Needed
The p rim ary  l i m i t a t i o n  to  t h i s  m odel, a s  w e ll  a s  m ost o th e r s .  I s  th e  
a v a i l a b i l i t y  o f  d a ta ,  p a r t i c u l a r l y  c o s t  f u n c t io n s .  I t  I s  p o s s ib le  to  develop  
th e  s im p le s t l ln k -n o d e  c o n f ig u r a t io n  f o r  each ty p e  o f  equipm ent o r  f a c i l i t y  
In  th e  system . A f te r  th e  c o n f ig u ra t io n  I s  co m p le te , th e n  c o s t  fu n c tio n s  can 
be developed  f o r  each ty p e  and common m a n u fa c tu re r  o f  th e  equ ipm ent. These 
packages can  th e n  be p la c e d  I n to  th e  I n p u t - l lk e  b u i ld in g  b lo c k s .  T h is  would 
g r e a t ly  f a c i l i t a t e  th e  u se  o f  th e  netw ork  model f o r  gaming a l t e r n a t i v e s .
The f a c t  t h a t  r e s e a rc h  h a s  shown th a t  n o n - l ln e a r  c o s t  fu n c tio n s  o f
any o rd e r  can  be r e p re s e n te d ,  th e  f u l l  c a p a b i l i t i e s  o f  t h i s  model have n o t
been re a c h e d . T h is  model can  v e ry  e a s i l y  be expanded to  In c lu d e  s o l id  w a s te , 
s tream  c o n t r o l ,  a i r  p o l l u t i o n ,  o r  t r a n s p o r ta t io n ,  to  name b u t  a  few. The f u l l  
p o t e n t i a l  sh o u ld  be d ev e lo p ed , because  th e  u se  o f  a  s in g le  te c h n iq u e  f o r  so 
many fu n c tio n s  o f  u rb an  p la n n in g  I s  In v a lu a b le .
The o n ly  o th e r  l i m i t a t i o n  I s ,  a s  a lw ays, th e  developm ent o f  a  u s a b le  
and g e n e ra l la n d  u se  m odel, one t h a t  would b r id g e  th e  te d io u s  s te p  from  th e
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p o p u la tio n  model to  th e  demand m odel. What i s  needed  i s  a  model t h a t  e v a lu a te s  
o ld  n e ig h b o ih o o d s on an  in c re m e n ta l b a s is  and a l l o c a t e s  th e  p ro p e r  p o r t io n  o f  
th e  p o p u la tio n  model to  them . I t  sh o u ld  a l s o  ta k e  th e  d i f f e r e n c e  and compute 
th e  new neighborhoods and in d u s t r i a l  a re a s  needed  to  su p p o r t t h i s  grow th . The 
p la n n e r  would th e n  o n ly  have to  in te rv e n e  by  a l l o c a t i n g  th e  d i f f e r e n t  ty p es  
o f  ne ighborhoods to  th e  la n d  b e fo re  p ro c e e d in g  to  th e  demand m odel.
The developm ent o f  th e s e  a re a s  w ould th e n  g iv e  th e  u s in g  agency a model 
t h a t  co u ld  be u se d  to  d e p ic t  c o m p le te ly  th e  u rb an  developm ent o f  th e  re g io n  
u s in g  a  minimum o f  co m p u terized  m odels— >a m ost d e s i r a b l e  g o a l .
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